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Acoustical materials are found in many early twentieth century public and other buildings 
where sound quality was important. Why were these materials developed and by whom? How do we 
recognize these materials? The purpose of this thesis is to examine the development of early 
acoustical materials from approximately 1890 to 1940, with a particular focus on acoustical plaster. 
The specific details of the type and technology of these materials have not been widely addressed. 
This research draws upon mostly the limited literature on the history of architectural acoustics, trade 
catalogs, and architectural journals.  
Acoustical materials were needed because the new types of spaces that were built in the 
nineteenth century had faulty acoustics. People complained that they could not hear the speaker or 
the music well in places like theaters, auditoriums, or churches due to reverberation. Thus, acoustical 
materials were introduced as a means to correct sound problems. The goal of this thesis is to have a 
greater understanding of the technology and impact of these materials on the built environment, in 
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Acoustical materials are found in many early twentieth century buildings where sound quality 
was important. Why were these materials developed, and by whom? How do we recognize these 
materials? The purpose of this thesis is to examine the development of early acoustical materials 
from approximately 1890 to 1940. 
Acoustics of buildings were affected by their size and by the use of new fireproofing 
materials within these enclosed spaces. Often, people complained about the unwanted noise and 
annoying echoes, whether it was in an auditorium1 or at the work place. The larger size of 
auditoriums built during the nineteenth century affected acoustical quality in a negative way, creating 
unwanted reverberation, defined as the persistence of reflected sounds from surfaces in an enclosed 
space.2 Materials—like steel, concrete, and hard plasters—created harder, reflective surfaces, which 
increased reverberation in enclosures.3 Consequently, lessening the intensity of reflected sounds was 
not only limited to large theaters and auditoriums. The introduction of steel in furniture and 
appliances, and concrete floors in places like offices, banks, schools, and hospitals, too, created a 
distracting atmosphere within a room. When the noise of voices or machines constantly filled an 
enclosed space that consisted of highly reflective surfaces, numerous reflections would accumulate 
                                                 
1. Acoustical Materials Association, The Use of Architectural Acoustical Materials: Theory and Practice (New York: 
Acoustical Materials Association, 1965). ‘Auditorium,’ from an acoustical standpoint, denotes any hall for public 
gathering, including theaters, lecture halls, churches, music halls, court rooms, high school gymnasiums or auditoriums, 
class rooms, conference rooms, and the like. 
2. Wallace C. Sabine, “Architectural Acoustics.” Journal of the Franklin Institute 179, no. 1 (Jan. 1915): 1-20; Paul 
Dunham Close, Sound Control and Thermal Insulation of Buildings (New York: Reinhold Publishing Corp., 1966), 481. 
Reverberation can also be defined as the prolongation of sound. 
3. Hale J. Sabine, Less Noise…Better Hearing: An Outline of the Essentials of Architectural Acoustics for the Practicing 
Architect and Engineer 5th Ed. (Chicago: Celotex Corp., 1941). 
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and increase in sound intensity, resulting in an awful din that was bothersome to those using the 
space.4 Ultimately, reverberation became an acoustic problem that needed correcting. 
To address these issues, architects and builders retrofit existing buildings, using known 
materials, such as cloth or canvas, to correct sound problems. However, the sound in a building and 
architectural acoustics were not completely understood. Architects knew that they needed to design 
their spaces so that even people sitting in the back could hear, they knew that unwanted noise 
created headaches and that large empty rooms would create an echo, but they did not know how to 
fully fix these problems before construction. 
The technology of sound control was in its infancy. Very few specialists in the acoustic field 
existed, and even fewer architects with acoustical expertise could offer corrective advice. Architects 
wanted a set of guidelines in designing structures with successful acoustic properties. One man who 
pursued the science of acoustics was professor and physicist Wallace Sabine. His scientific studies 
gave a better understanding of how sound moved through a space. Sabine devised a formula, 
effectively creating a quantitative method for measuring the amount of sound reverberation within a 
room. Once the reverberation time was known, reverberation could be counteracted using materials 
to absorb the prolonged sound. It became possible to design acoustic performance before 
construction.  
Sabine’s research formed the foundation of modern architectural acoustics; his work 
influenced the field as a whole, but his formula for reverberation was by no means an entire guide 
for how to fix poor acoustics. Another element was needed, acoustical materials, which could absorb 
                                                 




sound within enclosed spaces. It is important to note that all materials absorb some sound, but an 
acoustical material is defined as a material that is specifically designed to absorb sound.5  
This thesis will address the most common commercially manufactured materials designated 
for sound absorption, such as felts, fiberboards, tiles, and acoustical plasters. The first chapter will 
establish a brief history of architectural acoustics from the nineteenth century into the twentieth 
century. Subsequent chapters will trace the development of acoustical materials and discuss the 
technology of the materials, for instance, their properties, advantages, disadvantages, and their 
effectiveness as a sound absorber. Finally, the last chapter will cover present preservation issues, 
because issues with acoustical materials are today often inadequately addressed. The goal of this 
thesis is to have a greater understanding of the technology and impact of these materials on the built 
environment, in addition to creating another source on the history of the development of acoustical 
materials. 
  
                                                 
5. Vern O. Knudsen and Cyril M. Harris, Acoustical Designing in Architecture (New York: American Institute of 
Physics for the Acoustical Society of America, 1978), 74. 
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Chapter 1: Brief History of Architectural Acoustics Leading to 
Development of Sound-Absorbing Materials 
 
What is sound? Sound is a wave motion in the air that is produced by any vibrating body. 
The sensation of sound is due to stimulation of the auditory nerve of the ear by sound waves 
produced by the vibrating body.6 A vibrating body imparts a portion of its energy to the surrounding 
air, compressing the layers of air adjacent to it, which causes an increase or decrease of pressure in 
the surrounding atmosphere. A normal ear is capable of detecting these alterations of pressure. The 
transfer of energy through the air by successive pressure variations is called a sound wave.7 Sound 
waves need a medium to travel through; they cannot travel through a vacuum. When a sound wave 
strikes a wall, or any material surface, some of its energy is absorbed and the rest of the energy is 
reflected and transmitted. Hard and flat surfaces tend to reflect more sound than soft or uneven 
surfaces. 
Sound creates an aural environment, influencing what we hear and providing stimulus. There 
are two types of sound, productive and counterproductive, involved in the aural environment and all 
social process.8 A productive sound is produced deliberately and is the end product of the process.9 
For instance, the sound that comes from speaking to a friend or playing an instrument are 
productive. A counterproductive sound—called noise—is produced incidentally and is a byproduct 
                                                 
6. Paul Dunham Close, Sound Control and Thermal Insulation of Buildings (New York: Reinhold Publishing Corp., 
1966), 15. 
7. Paul Dunham Close, Sound Control and Thermal Insulation of Buildings (New York: Reinhold Publishing Corp., 
1966), 15. 
8. James Marston Fitch with William Bobenhausen, American Building: The Environmental Forces That Shape It (New 
York: Oxford University Press, Inc., 1999), 149. Social process can include almost any kind of human action or social 
interaction, individual or otherwise. 
9. James Marston Fitch with William Bobenhausen, American Building: The Environmental Forces That Shape It (New 
York: Oxford University Press, Inc., 1999), 149. 
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of the process.10 This occurs when we accelerate a car or use a hammer against a nail. However, 
“even productive sound is socially useful only as long as it is confined to the immediate environment 
for which it has been produced.”11 In other words, if a sound is something we do not want to hear, 
then even a productive sound can become counterproductive, or bothersome, like the noise coming 
from a neighbor’s overly loud stereo or the reverberation in a room. 
An impediment to good sound quality is reverberation, which is the continued reflection of 
sound after the original source has stopped.12 Excessive reverberation intermixes sounds, turning 
productive sound unintelligible.13 Our ability to understand what we were hearing or to concentrate 
on what we were doing is threatened. Reverberation impacts hearing conditions and creates 
confusion and noise. It interferes with people’s understanding of the words of the speaker or the 
notes of music being played. It also distracts people, making them lose focus or producing 
headaches, which results in loss of concentration.  
The quality of sound has always been important. Many attempts have been made over time 
to provide good sound quality. The Greeks with their amphitheaters were as concerned with sound 
as we are today. It was not until the end of the nineteenth century with scientific inquiries into the 
nature of sound, that people began to understand the effect of building materials on sound. And 
with this, they needed to also understand the significance of acoustical materials to diminish 
counterproductive sound. 
                                                 
10. James Marston Fitch with William Bobenhausen, American Building: The Environmental Forces That Shape It 
(New York: Oxford University Press, Inc., 1999), 149. 
11. James Marston Fitch with William Bobenhausen, American Building: The Environmental Forces That Shape It 
(New York: Oxford University Press, Inc., 1999), 149. 
12. Paul Dunham Close, Sound Control and Thermal Insulation of Buildings (New York: Reinhold Publishing Corp., 
1966), 22. 




An “acoustical material” is defined as a material specifically designed to absorb sound that is 
applied to the surface, forming the exposed finish of a wall or ceiling. Acoustical materials were 
needed in the late nineteenth century due to the change in building technology that resulted in larger 
spaces and the use of hard and/or fireproof materials, such as steel, concrete, stone, and hard 
plasters, which led to excessive reverberation. An important factor that controls reverberation is the 
absorbing power of the materials that compose the interior finish.14 The initial purpose of acoustical 
materials was to reduce reverberation in order to provide good acoustics within auditoriums, by 
increasing absorption. The secondary purpose of these materials was for sound quieting in public 
spaces, such as offices, restaurants, schools, and hospitals.  
Sound quality was important, but fire safety was too. Fireproofing became an important 
factor in designing buildings that held large numbers of people. Following events like the Great 
Chicago Fire of 1871, which destroyed a large portion of the city’s central business district and killed 
up to 300 people,15  it was essential that buildings be made of fireproof materials to prevent the 
dispersion of fires and any consequential deaths. This fire spread easily because wood was the 
predominant material used on buildings, roads, and sidewalks, and because flammable tar or shingles 
topped these buildings. Other non-flammable materials were needed.   
                                                 
14. Wallace C. Sabine, “Architectural Acoustics.” Journal of the Franklin Institute 179, no. 1 (Jan. 1915): 3; N. a., 
“Architectural Acoustics,” Box 4, Folder 1, The Guastavino Fireproof Construction Company/George Collins 
architectural records and drawings, Department of Drawings & Archives, Avery Architectural & Fine Arts Library, 
Columbia University.  
The other factors are the design and shape of the room, but discussion of these aspects is beyond the scope of 
this thesis. 




Materials used in the late nineteenth century for fireproofing included brick and concrete.16 
They are non-combustible materials: Bricks consist of fired clay and sand, and concrete is a mixture 
of sand, gravel, crushed stone, or other coarse material, bound together with lime or cement.17 These 
are all materials that can withstand high temperatures.18 Buildings made of brick and/or concrete 
were structurally sound and solid, which made for effective fireproofing.19 While hard and/or 
fireproofing materials promoted safety standards, they created acoustical difficulties.20 Additionally, 
many auditoriums, cathedrals, offices, banks, restaurants, and other public or industrial buildings 
were being constructed with concrete or stone walls and floors, flat plaster walls, or plate glass 
                                                 
16. Donald Friedman, Historical Building Construction: Design, Materials, and Technology 2nd Ed (New York: W. W. 
Norton & Co., 2010), 74-86; The Building News, “Acoustical Properties of Buildings,” Scientific American Building Edition 
(1885-1901) 30, no. 6 (Dec 01, 1900): 116. 
http://ezproxy.cul.columbia.edu/login?url=http://search.proquest.com/docview/88786285?accountid=10226. 
 
17. I. C. S. Reference Library, Building Stone, Lathing, Plastering, and Tiling, Common Brickwork, Ornamental Brickwork 
and Terra Cotta, Lighting Fixtures, Use and Design of Lighting Fixtures, Architectural Design (Scranton, PA: International 
Textbook Company, 1909), (Section 39) 1-11; Fred T. Hodgson, Mortars, plasters, stuccos, artificial marbles, concretes, Portland 
cements and compositions… (Chicago: F. J. Drake & Co., 1914), 27-31; Portland Cement Association, “How Concrete is 
Made,” PCA, 2015, http://www.cement.org/cement-concrete-basics/how-concrete-is-made. 
 
18. I. C. S. Reference Library, Building Stone, Lathing, Plastering, and Tiling, Common Brickwork, Ornamental Brickwork 
and Terra Cotta, Lighting Fixtures, Use and Design of Lighting Fixtures, Architectural Design (Scranton, PA: International 
Textbook Company, 1909), (Section 39) 1-11; Fred T. Hodgson, Mortars, plasters, stuccos, artificial marbles, concretes, Portland 
cements and compositions… (Chicago: F. J. Drake & Co., 1914), 27-31; Brick Industry Association, “Fire Resistance of Brick 
Masonry,” GoBrick, March 2008, http://www.gobrick.com/portals/25/docs/technical%20notes/tn16.pdf; Sara 
Wermiel, The Fireproof Building: Technology and Public Safety in the Nineteenth-Century American City (Studies in Industry and 
Society) (Baltimore, MD: The Johns Hopkins University Press, 2000), 7-18. 
 
19. Sara Wermiel, The Fireproof Building: Technology and Public Safety in the Nineteenth-Century American City (Studies in 
Industry and Society) (Baltimore, MD: The Johns Hopkins University Press, 2000), 2-10. 
 
20. Wallace Sabine, “Architectural Acoustics.1—VII,” The American Architect and Building News (1876-1908) 68, 
no. 1277 (Jun 16, 1900): 83, 
http://ezproxy.cul.columbia.edu/login?url=http://search.proquest.com/docview/124637420?accountid=10226; Faxon, 
John Lyman. “Acoustics.” The American Architect and Building News (1876-1908) 43, no. 949. ProQuest American 
Periodicals; Sabine, Hale J. Less Noise…Better Hearing: An Outline of the Essentials of Architectural Acoustics for the Practicing 
Architect and Engineer 5th Ed. Columbia University in the City of New York Avery Architectural and Fine Arts Library. 




windows.21 The materials used in these types of buildings, especially those with high ceilings, had 
hard surfaces that reflected large amounts of sound, creating significant—and unwanted—
reverberation. 
Auditoriums, which host oral and musical performances, were commonly affected by 
reverberation. Some auditoriums were quite voluminous, so problems of echoes and delayed 
reflections, or a series of reflections, existed because sound had many surfaces upon which it could 
reflect, creating a distraction that audiences could hear for as long as the orator continued speaking 
or the music continued playing. The primary objective of the acoustical treatment in auditoriums 
was to diminish the reflective power of the walls and ceilings to the point where its negative effects 
were eliminated. This ensured satisfactory conditions for the hearing and understanding of speech 
by minimizing the distractions, as well as pleasing acoustical conditions for the listening of music.22 
Otherwise, the space no longer functions for its intended purpose. 
Some structures were built without good acoustics because architects of the time did not 
foresee this problem. In the design and construction of buildings, architectural forms and materials 
took precedent over acoustical quality because the nature of sound was not yet fully understood. In 
other words, architects did not choose forms or materials based on their acoustical qualities.23  
Buildings created during the City Beautiful Movement are an example. The City Beautiful Movement 
                                                 
21. Wallace Sabine, “Architectural Acoustics.1—VII,” The American Architect and Building News (1876-1908) 68, 
no. 1277 (Jun 16, 1900): 83, 
http://ezproxy.cul.columbia.edu/login?url=http://search.proquest.com/docview/124637420?accountid=10226; John 
Lyman Faxon, “Acoustics,” The American Architect and Building News (1876-1908) 43, no. 949, ProQuest American 
Periodicals; R. W. Cornelison, The Acoustic Properties of Rooms (Bloomfield, NJ: H. B. Wiggin’s Sons Co., 1905), 5-7; E. A. 
Eckhardt, “The Acoustics of Rooms: Reverberation,” Journal of the Franklin Institute 195 (Jun. 1923): 799-814; Clifford M. 
Swan, Architectural Acoustic (New York: Johns-Manville, Inc., 1921), Reprinted from the Journal of the American Institute of 
Architects, December 1919. 
22. Acoustical Materials Association, The Use of Architectural Acoustical Materials: Theory and Practice (New York: 
Acoustical Materials Association, 1965), 7. 
23. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 87; Leland Roth, 
American Architecture: A History (Boulder, CO: Westview Press, 2001), 265. 
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was an American urban-planning movement that flourished during the 1890s and 1900s.24 There was 
a desire for grand buildings. Advocates of the City Beautiful were inspired by classical Roman 
architecture and believed beautification of architecture and public spaces would promote social 
order and increase quality of life.25 The focus of the architecture was on harmony and balance, which 
came at the expense of good acoustics. The forms of barrel vaults, domes, semi-circular rooms, and 
the finishing materials of marble, tile, or plaster “created spaces with intolerable reverberation.”26 
The acoustics of rooms that utilized forms and materials like these were left to be corrected later.27  
Throughout the nineteenth century, architects did not know for certain what the sound quality 
inside their buildings would be like until after construction.  
In addition to the questionable quality of sound, there was a need to reduce noise levels in 
spaces where its numerous occupants might become annoyed or distracted by noise. One example 
of this is offices with new large, open layouts. This updated floor plan provided better light and 
ventilation, and facilitated the work of various departments through closer contact.28 There could be 
as many as fifty or sixty people working in one open room, but one small sound from the corner 
could reverberate through the whole space. With more people came a collection of noise: different 
                                                 
24. Marcus Whiffen and Frederick Koeper, American Architecture 1687-1976 (Cambridge, MA: The MIT Press, 
1981), 274. 
 
25. Leland M. Roth, American Architecture: A History (Boulder, CO: Westview Press, 2001), 321. 
26. Richard Pounds, “Guastavino Acoustical Tile & Plaster: A History of Development and Current 
Conservation Issues” (master’s thesis, Columbia University, 1995), 18; Clifford M. Swan, Architectural Acoustics (New 
York: Johns-Manville, Inc., 1921), 10. Reprinted from the Journal of the American Institute of Architects, December 1919. 
27. Leland Roth, American Architecture: A History (Boulder, CO: Westview Press, 2001), 265; Richard Pounds, 
“Guastavino Acoustical Tile & Plaster: A History of Development and Current Conservation Issues” (master’s thesis, 
Columbia University, 1995), 18. 
28. Johns-Manville Service, Business Noise: Its Cost and Prevention (New York: H. W. Johns-Manville Co., 1920), 1; 
“Acoustics: A New Study For The Decorator.” The Wall - Paper News and Interior Decorator (1909-1916) 35, no. 3 (Mar 01, 
1910): 16, 
http://ezproxy.cul.columbia.edu/login?url=http://search.proquest.com.ezproxy.cul.columbia.edu/docview/88483958?a




conversations happening simultaneously, the ringing of telephones, the shifting of papers or chairs, 
and the constant tapping of keys on typewriters or adding machines. Another example is large 
restaurants. Restaurants were dependent on a quiet atmosphere and good working conditions for 
reliability and accuracy.29 Noise in dining areas was bothersome to both patrons and employees. The 
ability of waiters or waitresses to hear and recall orders and requests of patrons correctly was crucial 
for these establishments. Incorrect orders and other issues lead to customer dissatisfaction, whether 
because customers felt they did not receive the service they deserved or they felt they could not 
enjoy their meal because of the loud and disagreeable atmosphere. 30 In public rooms like these, the 
concrete floors and hard, smooth wall surfaces, with little or no relief ornamentation, created a 
condition that allowed for sound to reflect off a lot of surfaces, continuously amplifying it.31 These 
noises would fill the entire room and act as a serious deterrent to concentration and efficiency.32 The 
cumulative effect of these noises presented serious problems.  
Acoustics of buildings could not be determined prior to construction; they were essentially 
determined by trial and error. But the uncertainty of sound quality in an enclosed space became an 
increasingly pressing issue. The need for sound-absorbing materials led to scientific investigations 
into architectural acoustics. 
                                                 
29. “For Quiet Dining,” American Builder and Building Age (1930-1948) 62, no. 6 (Jun. 1, 1940), American 
Periodicals; John S. Parkinson, Staff Engineer Johns-Manville Corporation, “Noise Control and Banking Efficiency,” 
Bankers’ Magazine (1896-1943) 119, no. 6 (Dec. 1929): 1073-81, ProQuest American Periodicals (124383619). 
30. “For Quiet Dining,” American Builder and Building Age (1930-1948) 62, no. 6 (Jun. 1, 1940): 80, ProQuest 
American Periodicals (853788728); Jerry Cooper, “Controlling Restaurant Noise,” Interior Design 57, no 4 (Aug. 1986): 
232-35, ProQuest Avery Index to Architectural Periodicals (54986975). 
31. “Acoustic Correction A New Field,” The Wall – Paper News and Interior Decoration (1916-1919) 49, no. 5 (May 
1, 1917): 35-36, ProQuest American Periodicals (128384489); Vern O. Knudsen and Cyril M. Harris, Acoustical Designing 
in Architecture (New York: American Institute of Physics for the Acoustical Society of America, 1978), 151.  
32. “Acoustic Correction A New Field,” The Wall – Paper News and Interior Decoration (1916-1919) 49, no. 5 (May 
1, 1917): 35-36, ProQuest American Periodicals (128384489); Michael Wagner and Dennis Paoletti, “Acoustics: 
Guidelines for Controlling Sound in Restaurants,” Interiors 147, no 5 (Dec. 1987): 62, ProQuest Avery Index to 
Architectural Periodicals (55005685). 
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 Architectural acoustics was a hard subject to approach because acoustics encompasses 
several disciplines. The factors to consider are the size and shape of the room, the purpose of the 
room, the type of architectural features, the nature of materials used, and the behavior of sound. All 
of these varying criteria meant that the information on architectural acoustics was inconsistent and 
difficult to follow.33 One of the main factors that led to this inconsistency was that the nature of 
sound was thought to be geometric rays instead of waves. Many scientists and researchers of this 
time thought that these “rays” of sound needed to be reflected properly to ensure good acoustics,34 
and so, they focused solely on form. Through further observations, however, wavelike models and 
theories of sound as a field of energy gained hold and became the dominant ideas in the discussion 
of the nature of sound and how to control it.35 Scientists discovered that reverberant sound must be 
absorbed, not reflected.36 In 1853, medical doctor J. B. Upham discerned that reverberant sound 
“must be adequately suppressed”37 by putting in upholstered benches, installing carpets, and hanging 
curtains around the windows, which cut down reverberation to a bearable minimum.38 His 
                                                 
33. E. A. Eckhardt, “The Acoustics of Rooms: Reverberation,” Journal of the Franklin Institute 195 (Jun. 1923): 
799-814; Wallace C. Sabine, “Architectural Acoustics,” Proceedings of the American Academy of Arts and Sciences 42, no. 2 (Jun. 
1906): 51-84; A. Kathleen Steward, “A Study of the Acoustic Properties of Various Materials,” (Master’s thesis, 
University of Southern California, 1928), 1. 
34. Emily Ann Thompson, “‘Mysteries of the Acoustic’: Architectural Acoustics in America, 1800-1932” (Ph.D. 
Diss., Princeton University, 1992), 24. Benjamin Latrobe was the architect who brought over neoclassical architecture 
from England to the United States. In the early nineteenth century, based off his experience in improving the acoustics 
of the Hall of the House of Representatives in the Capitol Building at Washington, Latrobe characterized sound as 
geometric rays, which led him to believe that the solution to improve acoustics was to adjust the architectural form of 
the space. Architects designed these spaces according to Latrobe’s philosophy, but still without full comprehension of 
the nature of sound and what affected the acoustics.  
35. Emily Ann Thompson, “‘Mysteries of the Acoustic’: Architectural Acoustics in America, 1800-1932” (Ph.D. 
Diss., Princeton University, 1992), 24-30. 
36. Emily Ann Thompson, “‘Mysteries of the Acoustic’: Architectural Acoustics in America, 1800-1932” (Ph.D. 
Diss., Princeton University, 1992), 33. Architects of the nineteenth century, such as Benjamin Wyatt, George Saunders, 
and Pierre Patte, acknowledged the role of materials in affecting the sound of a room. That is, they knew materials were 
needed, but they did not know how to quantify these materials’ acoustical properties. 
37. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 6. 
 




conclusion was that form was not the only factor to be considered in dealing with acoustical 
difficulties—materials, too, were a factor—and that architects and scientists needed to study this 
subject more in depth.39  
These ideas were further tested before the turn of the century and into the twentieth century. 
American physicist Joseph Henry, who believed sound was a form of energy, was one of the first to 
qualitatively examine the sound-absorbing properties of materials.40 He affirmed that four conditions 
influenced reverberation: first, the size of the room; second, the strength or intensity of the sound; 
third, the position of the reflecting surfaces; and fourth, the properties of the material of the 
reflecting surfaces.41 
The science of acoustics was not truly understood until Professor Wallace Sabine began his 
research in 1895. Sabine is considered the founder of modern architectural acoustics. He was the 
sole researcher of reverberation for several years and continued studying it until his death in 1919.42 
Sabine first worked on the problem of reverberation when he was a young physics professor at 
Harvard University. The recently completed Fogg Art Museum at Harvard had a lecture hall that 
was considered unusable due to the poor acoustics. There was so much reverberation that it 
generated a prolonged echo, which made the speaker’s voice incomprehensible to listeners.43 
Harvard President Charles Eliot then asked scientists within the faculty for acoustic correction 
                                                 
39. J. B. Upham, “A Consideration of Some of the Phenomena and Laws of Sound, and Their Application in 
the Construction of Buildings Designed Especially for Musical Effects,” American Journal of Science and Art 65 and 66 
(1853): 215-26, 348-63 and 21-33; Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 7. 
40. Emily Ann Thompson, “‘Mysteries of the Acoustic’: Architectural Acoustics in America, 1800-1932” (Ph.D. 
Diss., Princeton University, 1992), 24. 
 
41. Joseph Henry, “Acoustics Applied to Public Buildings,” Smithsonian Reports (1854 and 1856). 
 
42. Emily Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-
1933 (Cambridge, MA: The MIT Press, 2004), 61. Other acoustical researchers studied sound in relation to 
electroacoustics. 
43. Emily Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-
1933 (Cambridge, MA: The MIT Press, 2004), 34. 
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advice, and Professor Sabine rose to the occasion. Per Eliot’s suggestion, Sabine looked into a 
means to measure acoustical quality in a quantitative way. Sabine endeavored to measure the time of 
reverberation, or the amount of time it takes for sound to decrease to one-millionth of its initial 
intensity after the sound source has stopped.44 He measured the reverberation time, in seconds, in 
the Fogg lecture hall and other rooms on the Harvard campus. And for a while, Sabine could not 
figure out how to use his measurements to derive a “mathematical relationship between the 
architectural properties of a room and its reverberation time.”45 In 1897, two years after he started 
his investigation, Sabine still had not determined the relationship, but Eliot, desperate to use the 
Fogg lecture hall, urged him to prescribe a solution. Thus, Sabine decided that panels of sound-
absorbing felt should be mounted onto the walls because he knew that as long as there were enough 
materials to absorb reverberant sound, the lecture hall would at least be usable.46  
Sabine continued his investigations even after giving such advice. In fact, soon after his 
prescription for the lecture hall, he figured out the mathematical formula he needed to compare the 
architectural properties of a room to its reverberation time. This formula could thus explain 
mathematically why reverberation seemed to occur more in rooms with large volumes. Small rooms 
easily contained enough sound-absorptive materials like rugs, curtains, and furniture to offset 
reverberant sound, whereas large, voluminous rooms did not.47 Basically, small rooms were known 
                                                 
44. Paul Dunham Close, Sound Control and Thermal Insulation of Buildings (New York: Reinhold Publishing Corp., 
1966), 481; Hale J. Sabine, Less Noise…Better Hearing: An Outline of the Essentials of Architectural Acoustics for the Practicing 
Architect and Engineer 5th Ed. (Chicago: Celotex Corp., 1941). Before Sabine, sound was only understood qualitatively.  
45. Emily Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-
1933 (Cambridge, MA: The MIT Press, 2004), 37. 
46. Emily Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-
1933 (Cambridge, MA: The MIT Press, 2004), 37. 
47. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 28. 
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to have shorter reverberation times and large rooms had longer reverberation times.48 More 
importantly, the formula could now be used to determine the reverberatory quality of a room before 
construction.49  
Architectural acoustics was a complex problem with a number of conditions that had to be 
considered, but Sabine was able to clarify this complicated topic. He studied reverberation 
extensively,50 and discovered a way to measure the relationship between the size of an enclosed 
space and the amount of absorption surface present, in order to obtain quality acoustics, that 
architects could apply to their designs.51 Essentially, excessive reverberation and noise could be 
reduced by utilizing a sufficient amount of sound-absorbing materials. Following his publications 
between 1898 and 1900 on his research on reverberation, other researchers were better equipped to 
address acoustical issues. The sound quality within an enclosure received more attention, and people 
began to formally study architectural acoustics, now that the science of acoustics was better 
                                                 
48. Leland Roth, Understanding Architecture: Its Elements, History, and Meaning 2nd Ed. (Boulder, CO: Westview 
Press, 2007), 105; Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 34. Long 
reverberation time means that a sound persists for over three seconds, which generally made for faulty acoustics. For 
good acoustic conditions, the reverberation time should be short. 
49. Emily Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-
1933 (Cambridge, MA: The MIT Press, 2004), 41; Theodore Lyman, “Acoustical Research,” Science 56, no. 1457 (Dec. 1, 
1922): 633-34, http://www.jstor.org/stable/1648574.  
50. “Architectural Acoustics,” The American Architect (1909-1921) 101, no. 1899 (May 15, 1912): 227, 
http://ezproxy.cul.columbia.edu/login?url=http://search.proquest.com.ezproxy.cul.columbia.edu/docview/124669661
?accountid=10226; Wallace C. Sabine, “Architectural Acoustics,” Proceedings of the American Academy of Arts and Sciences 42, 
no. 2 (Jun. 1906): 51-84. Eleven years after he began in 1895, Sabine published a paper, from which architects could 
draw from and use in their practice. Architects were able to use the formula he devised and apply it to their designs. 
51. Wallace C. Sabine, Collected Papers on Acoustics (Cambridge: Harvard University Press, 1922); Emily 
Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-1933 (Cambridge, 
MA: The MIT Press, 2004), 27.  Joseph Henry, an American physicist and first Secretary of the Smithsonian Institution, 
made an early attempt to quantify the effect of materials upon sound. He sounded a tuning fork, placed the stem of the 
fork against the material to be tested, then measured how long the fork continued to vibrate. Henry believed his eyes 
were more sensitive than his ears, so he marked the cessation of vibration at the moment he could no longer visually 
perceive the movement of the fork. This measure of time represented the sound-absorbing property of the different 
materials he tested, including cork, rubber, wood, and stone. Joseph Henry’s experiments were an innovative attempt to 
analyze and to quantify the sound-absorbing properties of materials, but there is no indication that he applied his results 
to any structure. In his experiments on materials, he was ultimately more interested in the energetic properties of sound 
than with producing results that architects could use in their practice. 
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understood.52 Early researchers who studied this new branch of architectural acoustics were Clifford 
Swan and Vern Knudsen. They continued to build off Sabine’s work by researching the effect of the 
shape of a room on sound and the intelligibility of speech, and by measuring the reverberation time 
of different architectural materials.53  
Acoustical materials created an optimal condition for an environment that had a positive 
effect on those who used the space in which they were installed. In surroundings with good 
acoustics, no one had difficulty hearing or being heard. Dictation was clear and free from errors; 
formal conferences or informal conversations proceeded without participants failing to hear what 
was said; and the “entire nervous system of the person [was] relieved from the incessant 
bombardment of irritating noises.”54 Thus, those who were in a quiet environment were in a better 
mindset to understand what was going on, to be productive, or to be better adapted to solve 
problems. They were not as fatigued at the end of the day as those who were in the presence of 
noise.55 As these positive effects became known, architects and builders were finding a growing 
market for acoustical improvements in public and commercial buildings.  
                                                 
52. Emily Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-
1933 (Cambridge, MA: The MIT Press, 2004), 87. The study of sound was a growing field in the first decade of the 20th 
century, but with the Great War, the focus of researchers, like Sabine, Dayton Miller, and Arthur Webster, shifted to 
sound problems related to the war, e.g. sound underwater or in airplanes.  
 
53. Emily Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-
1933 (Cambridge, MA: The MIT Press, 2004), 101; Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & 
Sons, Inc., 1932); Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930). 
Wallace Sabine’s Collected Papers are considered to be full and complete on the subject of reverberation. Other 
acoustic questions involved the transmission of sound through walls or the effect of resonance, etc. 
54. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 446.  
55. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 447; Christian A. 
Ruckmick, “Recent Acoustical Research.” The Psychological Bulletin 21, no. 11 (Nov. 1924): 605-633, 
http://dx.doi.org/10.1037/h0067738; John S. Parkinson, Staff Engineer Johns-Manville Corporation, “Noise Control 




Chapter 2: Acoustical Felts, Tiles, & Fiberboards 
 
Early attempts to deal with acoustical problems in buildings used readily available materials 
that were almost always surface-applied or furniture that could be placed in rooms. Many of these 
materials, while they were easily used in residential spaces, were not always appropriate in significant 
public spaces. By the early twentieth century, architects, engineers, builders, and designers began 
addressing sound qualities in their buildings by modifying interior finishes. The most effective 
modification was the introduction of a variety of acoustical materials. They helped address the issues 
of reverberation, and as their technology progressed, acoustical materials covered a wider range of 
sound issues: Architects observed that these acoustical materials were also effective for noise 
quieting. By World War II, acoustical materials were utilized almost anywhere from public venues to 
private spaces. 
When the science of acoustics was better established following Sabine’s discoveries, sound-
absorbing materials became a focus of attention. There needed to be a sufficient amount of material 
in the room or on the walls to absorb excessive reverberation. Soft, porous, and compressible 
materials, such as curtains, draperies, carpets, and upholstered furniture were used to treat poor 
acoustic conditions.56 These furnishings were made from burlap, canvas, hair felt, and other textiles. 
They neutralized the effect of hard, sound-reflecting surfaces in the room.  
Early sound-absorbing materials consisted of loose cloths or fabrics that covered the walls; 
draperies that hung at the windows; and carpeted floors.57 All of these materials were applied after 
construction. They were not considered to be “acoustical;” they were simply materials that were 
                                                 
56. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 60. 
57. R. W. Cornelison, The Acoustics Properties of Rooms: Particularly as Affected by Wall Coverings (Bloomfield, NJ: H. 
B. Wiggin’s Sons Company, 1905): 5, http://hdl.handle.net/2027/mdp.39015027884900. 
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observed to absorb more sound than other known materials, even though their original purpose was 
not to do so.  
An acoustical material is a material especially designed to function primarily as a sound 
absorber.58 One of the first materials used for its acoustical properties was acoustical felt. These 
particular felts became available in the early 1910s.59 Felts were softer, more flexible, and easily 
mounted. They were sold in rolls, could be cut into any width or shape, and nailed to the walls or 
ceilings. Acoustical felts were made of animal hair, flax fiber, mineral wool, wood fiber, or asbestos 
fiber.60 The fibers and felts were chemically treated with a fire retardant, and those that contained or 
were mixed with asbestos were advertised to be fireproof.61 The crisscrossing and layering of the felt 
fibers created small air chambers, or pores, which made acoustical felts an effective absorber. The 
degree of sound absorption is influenced by air flow resistance, which, in turn, is influenced by “the 
nature of the pore structure and the degree of intercommunication between pores.”62 Generally, 
these hair, wool, and fiber materials were packed between burlap or paper and covered with a 
suitable membrane as a decorative effect for the product.63 Acoustical felts were protected either by 
a cloth membrane or another kind of flexible membrane.64  
                                                 
58. Vern O. Knudsen and Cyril M. Harris, Acoustical Designing in Architecture (New York: American Institute of 
Physics for the Acoustical Society of America, 1978), 74. 
59. H. W. Johns-Manville Co., Johns-Manville Building Materials Catalog No. 304 2nd Ed., Columbia University in 
the City of New York Avery Architectural and Fine Arts Library (New York: Johns-Manville, Inc., 1920), 91. 
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63. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 238. 
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Using existing technology, companies that were already producing felted roofing and 
building insulation materials started producing these felted acoustical materials. In the early days of 
the acoustical materials field, only a few companies existed. H. W. Johns-Manville Company was one 
of the first companies to appear in the acoustics category of trade catalogs and to manufacture a 
surface-applied acoustical felt. According to the H. W. Johns-Manville Company brochure, they 
were advertising their surface-applied acoustical felt in 1911.65  By the 1920s, other companies, such 
as Junius H. Stone, Mazer Acoustile, and Union Fibre Company, began to advertise their acoustical 
felt products.  
                                                 
65. See Appendix A for a company advertisement. Photos of the felt product itself were not often displayed in 
company advertisements; only a description of the felt was given (along with photos and descriptions of other products 
sold by the company). Acoustical felts were generally not considered aesthetically pleasing. 
 Johns-Manville Service, Business Noise: Its Cost and Prevention, Columbia University in the City of New York 
Avery Architectural and Fine Arts Library (New York: H. W. Johns-Manville Co., 1920), 9; Sweet’s Catalog. Sweet’s 
Catalog Service, “H. W. Johns-Manville Company,” Sweet’s Indexed Catalogue of Building Construction (New York: 
Architectural Record Co., 1914), 303. 
Figure 1. Johns-Manville acoustical correction installed behind wall draperies at the 
United States Courts of Appeals, Denver, Colo. (ca. 1921). [color photo given in 
Appendix] 
Source: Clifford M. Swan, Architectural Acoustics, reprinted by permission from the Journal of the 
American Institute of Architects, Issue of December 1919, Columbia University in the City of New 




The acoustical felts manufactured by H. W. Johns-Manville Company were covered with 
dyed muslin, a solid canvas, or “Nashkote” which was a perforated cloth, all of which preserved or 
even enhanced the absorptive value of the felt.66 The installation process of acoustical felts was a 
three part system. First, furring strips had to be fastened into place, then acoustical felts were 
mounted, and lastly, the membrane was applied.67 The membrane could resemble the surrounding 
finished surface and conform to architectural features (Figure 1).68 Johns-Manville’s Nashkote Felt 
                                                 
66. The mesh of the cloth is coarse enough that the paint does not close over the individual meshes. 
Johns-Manville Service, Business Noise: Its Cost and Prevention, Columbia University in the City of New York 
Avery Architectural and Fine Arts Library (New York: H. W. Johns-Manville Co., 1920), 9; Vern O. Knudsen, 
Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 238. 
67. Johns-Manville Service, Business Noise: Its Cost and Prevention, Columbia University in the City of New York 
Avery Architectural and Fine Arts Library (New York: H. W. Johns-Manville Co., 1920), 7. 
68. See Appendix A for recent color photo. Needs further investigation on whether the acoustical felt still exists 
behind the wall draperies.  
 
Figure 2. According to the source below, Johns-Manville acoustical felt was 
installed in the ceiling at the Federal Reserve Bank, Transit Dept., New York City 
(ca. 1920).  
Source: Johns-Manville Service, Business Noise: Its Cost and Prevention, Columbia University 
in the City of New York Avery Architectural and Fine Arts Library (New York: H. W. Johns-
Manville Co., 1920), 2. 
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could, for instance, have a textured surface that 
resembled a plaster or tile surface, suitable for 
banks, office buildings, and other professional 
places of work (Figure 2). 69 Johns-Manville 
Akoustikos Felt was layered to the requisite 
density—typically an inch thick—for the proper 
degree of sound absorption.70  
In addition, the membrane could be 
painted to resemble anything that can be done by 
painting on canvas. Some acoustical felts could 
be decorated with a flexible or porous paint—oil 
or lead—if covered with a coarse mesh cloth, 
such as a cider press cloth. And because the 
mesh of the cloth was coarse enough where the 
paint could not close over the individual mesh 
openings, the absorptive quality of the felt was 
retained.71  
                                                 
69. Johns-Manville Service, Business Noise: Its Cost and Prevention, Columbia University in the City of New York 
Avery Architectural and Fine Arts Library (New York: H. W. Johns-Manville Co., 1920), 2-10. 
70. Johns-Manville Service, Business Noise: Its Cost and Prevention, Columbia University in the City of New York 
Avery Architectural and Fine Arts Library (New York: H. W. Johns-Manville Co., 1920), 8. The extent and thickness of 
the application of acoustical felts were different for each individual case, and were determined using scientific methods 
based off Professor Wallace Sabine’s research and personal consultation with an acoustical expert. Johns-Manville 
Service, Business Noise: Its Cost and Prevention, Columbia University in the City of New York Avery Architectural and Fine 
Arts Library (New York: H. W. Johns-Manville Co., 1920), 8. 
71. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 238. 
Figure 3. According to the source below, Johns-Manville 
acoustical felt was installed behind tapestries at the Dining 
Room of the Harvard Club, Boston (ca. 1920). 
Source: Clifford M. Swan, Architectural Acoustics, reprinted by 
permission from the Journal of the American Institute of Architects, 
Issue of December 1919, Columbia University in the City of New 
York Avery Architectural and Fine Arts Library (New York: Johns-
Manville, Inc., 1921), 1. 
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The advantage of acoustical felts was that they could be used in a variety of rooms, because 
of their flexible and sound-absorptive nature. Felt installation worked best when the felt was placed 
onto exposed surfaces and was not subject to compression. They could conform to architectural 
features, including curved surfaces. However, if 
compressed, the pores became ineffective as they 
could no longer communicate with each other and 
with the surface. The air space in between the felt 
and membrane—generally an inch wide—also 
contributed to the felt’s high efficiency in sound 
absorption because air is a medium that slows down 
and allows the sound waves to pass through, instead 
of reflecting them back like harder surfaces will.72 
Acoustical felts had a highly absorbent surface, 
absorbing an average of 60 to 80 percent of incident 
sound energy.73 As the popularity of acoustical felts 
grew, they were installed in all kinds of buildings 
throughout the United States, including, but not 
limited to, schools, banks, hotels, restaurants, 
churches, hospitals, court rooms, office buildings, 
and music rooms (Figure 3).74 The choice for a 
                                                 
72. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 60. 
73. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 240-251. 
74. See Appendix for recent color photo. Needs further investigation on whether the acoustical felt still exists 
behind the tapestries.  
Figure 4. According to the source below, Johns-Manville 
acoustical felt was installed in ceiling panels at Amasa 
Stone Chapel, Western Reserve University, Cleveland (ca. 
1920). [Detailed photo unavailable] 
Source: Clifford M. Swan, Architectural Acoustics, reprinted by 
permission from the Journal of the American Institute of Architects, 
Issue of December 1919, Columbia University in the City of New 
York Avery Architectural and Fine Arts Library (New York: Johns-
Manville, Inc., 1921), 15. 
22 
 
decorative membrane was particularly suitable for churches (Figure 4). The acoustical felts that were 
covered with a perforated surface could be cleaned, which meant they could be used in high-traffic 
areas, such as hospitals, hotels, restaurants, and other public halls. By 1930, acoustical felts could be 
found in many public or office buildings, where speech and music could be heard without strain, or 
where the noise level was reduced so that it was no longer bothersome.75  
Acoustical felts had quite a few drawbacks, too. They were susceptible to decay and they 
were not vermin-proof. Over time, moisture caused the felt to deteriorate. Since hair felt was usually 
made of cattle hair, it contained animal oil, dirt, and small pieces of hide if it was not prepared 
carefully or chemically treated.76 The felt became unsanitary, and at times, rodents would eat through 
it.77  
In addition, the surfaces of these materials soiled and gathered dust after a few years. Dust 
clogged the pores of the membrane, which in effect, decreased sound absorption. Also, dust made 
the surfaces duller, less efficient in light reflection, and it spoiled the decoration.78 The cleaning 
process was tedious as these acoustical felts covered many ceiling and wall surfaces in a room; and 
the membrane had to be carefully scrubbed to prevent scratches or rips, or risk the negative effect 
                                                                                                                                                             
Johns-Manville Service, Business Noise: Its Cost and Prevention, Columbia University in the City of New York 
Avery Architectural and Fine Arts Library (New York: H. W. Johns-Manville Co., 1920), 13. 
75. Johns-Manville, “Decorative Possibilities in Johns-Manville Acoustical Treatment,” Columbia University in 
the City of New York Avery Architectural and Fine Arts Library (trade brochure, New York: Johns-Manville Corp., 
1931), 8. 
76. A. Kathleen Steward, “A Study of the Acoustic Properties of Various Materials,” (Master’s thesis, University 
of Southern California, 1928), 33. 
77. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 60. 
78. F. N. Vanderwalker, Drake’s Cyclopedia of Painting and Decorating: Methods, Tools, Materials, for Home and the 
Workshop (Chicago: Frederick J. Drake & Co., 1945), 11-12. 
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on the aesthetics and the sound-absorbing qualities. By 1940, acoustical felts were seldom used due 
to the difficulty of maintenance.79 
Another problem with acoustical felts was the finished surface of acoustical felts could not 
be painted because paint filled the pores in the cloth, blocking the passage of sound to the felt 
absorber underneath.80 Attempts were made to address this problem and special rubber-like paints 
were developed that left the pores of the membrane open for sound absorption.81 The effectiveness 
of this paint on acoustical felt needs further research.  
Finally, acoustical felt-and-membrane systems were less convenient to install than some of 
the later acoustical materials, such as tile or fiberboard systems, which required less skilled labor for 
installation. It was a cumbersome and inefficient process to have to manage, especially when felts 
were not exactly permanent materials. Another aesthetic problem was that the seams around the 
acoustical felts were noticeable.  
Although felts, curtains, and draperies were useful for absorbing sound in large spaces, these 
materials were just a temporary solution for reverberation. 82 Adding rugs or curtains worked for 
smaller spaces, but for large auditoriums, they were not enough to dampen reverberation.83 Laying 
carpets, hanging fabrics on walls, and using a lot of cloth or canvas in a room could be costly, not 
                                                 
79. Hale J. Sabine, “Less Noise…Better Hearing,” 5th Ed., Columbia University in the City of New York Avery 
Architectural and Fine Arts Library (Chicago: The Celotex Corp., 1941), 15. 
80. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 60-1. 
81. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 60. 
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New York Herald Tribune (1926-1962) April 29, 1928, ProQuest Historical Newspapers. 
83. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 28. 
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entirely sanitary, and certainly not fireproof.84 Moreover, the room’s interior architectural features 
were covered up by these additions.  
Acousticians were not satisfied with the existing situation and so, they turned to 
experimentation to develop a more permanent means for the control of sound conditions. 
Architects and builders desired a different acoustical material that could conform to the masonry 
and that would not obscure interior architectural features.  
In the mid-1920s, other kinds of acoustical materials appeared. Acoustical tiles and 
fiberboards were retrofit to existing buildings or installed in new buildings. For example, “Acousti-
Celotex,” an acoustical tile product that was introduced by the Celotex Company in 1925, was 
                                                 
84. R. W. Cornelison, The Acoustics Properties of Rooms: Particularly as Affected by Wall Coverings (Bloomfield, NJ: H. 
B. Wiggin’s Sons Company, 1905): 5, http://hdl.handle.net/2027/mdp.39015027884900. 
Figure 5. According to the source below, Acousti-Celotex acoustical tile installed on ceiling in 
G. M. Neely Memorial  Theatre /Auditorium, Vanderbilt University, Nashville, Tenn. (ca. 
1925).[Photography prohibited inside theater] 
Source:  “Acousti-Celotex: Used in All Buildings of All Types for Acoustical and Sound Quieting Purposes,” 
Columbia University in the City of New York Avery Architectural and Fine Arts Library (trade brochure, 
Chicago: Celotex Corp., 1925), 7. 
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utilized in many building types, such as auditoriums, churches, music rooms, schools, banks, typing 
rooms, printing press rooms, billiard halls, dining rooms, offices, and hospitals.85 These types of 
sound-absorbing materials were made of cork, mineral fiber, wood fiber, sugar cane fiber, or flax 
fiber—all soft and porous materials, and were prefabricated units.86  Similar to acoustical felts, 
acoustical tiles were also used in a variety of rooms, 
where people assembled to hear music, the spoken 
word, or where people required concentration or 
mental application (Figure 5).87 The Celotex 
Company advertised acoustical comfort while 
working, while dining, or while listening to a lecture 
or sermon, to name but a few activities.88  
Acoustical tiles were made from materials 
that were also used for insulation. For instance, the 
Celotex Company sold insulating lumber before 
                                                 
85. Celotex Company, “Acousti-Celotex: Used in All Buildings of All Types for Acoustical and Sound Quieting 
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Purposes,” Columbia University in the City of New York Avery Architectural and Fine Arts Library (trade brochure, 
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88. Celotex Company, “Sound Conditioning: Quiet Comfort for School and College,” Columbia University in 
the City of New York Avery Architectural and Fine Arts Library (trade brochure, Chicago: Celotex Corp., 1940). 
Figure 6. Acousti-Celotex cane fiber tile with inset 
showing an isometric view of the tile. 
Source: Celotex Company, “Sound Conditioning: Quiet 
Comfort for School and College,” Columbia University in 
the City of New York Avery Architectural and Fine Arts 
Library (trade brochure, Chicago: Celotex Corp., 1940), 10. 
26 
 
entering the acoustical materials industry.89 Acousti-Celotex was made from the same basic material 
as their insulating lumber product: felted sugar cane fibers. Acousti-Celotex was distinctive because 
of the numerous holes that were drilled into its surface to give the tile more sound absorptive 
properties (Figure 6). The Celotex Company claimed the holes added “about 150% to the absorbing 
area.”90 A 1.25-inch thick tile was marketed as absorbing nearly 70 percent of sound.91   
Acoustical tiles were marketed not only for their good sound-absorbing properties, but also 
for several other advantages. Tiles were a standard factory-made product, which means they could 
have a variety of textural finishes; and their properties, such as degree of porosity and absorption, 
were relatively uniform and consistent.92 This gave acoustical tiles a feature that could not be altered 
by the skill or lack of skill of the workers who installed the material, unlike the installation of 
acoustical felts.93 In general, acoustical tiles could be applied to any kind of wall and ceiling surface 
without disturbing the interior construction. They were applied either by nails to wood grounds or 
wood furring strips; or by casein cement to a suitable plaster or masonry base; or by square-cut nails 
to a gypsum plaster surface.94  
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Companies asserted that their acoustical tiles could be cleaned using the same methods as 
ordinary wall and ceiling surfaces.95 A washable surface was particularly beneficial for sanitary 
reasons, for rooms used by the public and institutional spaces. Several acoustical tiles, such as 
“Sanacoustic Tile” (Johns-Manville Corporation) and Acousti-Celotex, had the distinct advantage of 
being decorated with oil, lead, or any other kind of paint without sacrificing their absorptivity, and 
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could be repeatedly painted and maintained.96 The mechanically-made holes in the tiles created a 
passageway for the sound waves to reach the interior of the tile and be absorbed into the tiny pores 
of the material.97 As long as the perforations were not closed over, there was no loss in absorption. 
Laboratory and field tests proved that the absorptive value of decorated Sanacoustic Tile and 
Acousti-Celotex was not impaired by paint on their surfaces.98 The high absorptivity was extremely 
helpful for rooms that needed to be very quiet, such as movie theaters, libraries, and radio broadcast 
studios (Figure 7).  
The disadvantages to using acoustical tile were its limitations for architectural treatment, its 
cost compared to other acoustical materials, and the combustibility of several types of tile. It was 
generally not possible to conceal the joints between adjacent tiles, and so acoustical tiles were limited 
to only a tile or ashlar effect. It was only on high ceilings that acoustical tile could achieve the 
appearance of a continuous or monolithic surface through the use of tight joints and by fully 
decorating the surface. On low ceilings, however, the joints were noticeable with any type of 
decoration. Therefore, it was customary to create a beveled edge around the tile and accentuate 
rather than conceal the tile’s masonry effect.99  
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In the 1930s, the cost of acoustical tile was relatively high compared to the cost of acoustical 
boards and plasters.100 The standard price was between thirty-five and seventy cents per square foot, 
installed.101 The wood fiber acoustical tiles were the most economical, but they were also 
combustible. To comply with code regulations, the acoustical tiles made from organic materials, like 
wood fiber, were treated with a fire retardant.102   
Another acoustical material that was applied to walls or ceilings during the 1920s was 
acoustical fiberboard. In general, acoustical fiberboards were made of pressed fibers of wood-pulp, 
asbestos, sugar cane, cork, or flax.103 They were lightweight, porous, and could cover more surface 
area for a lower cost.104 Sound-absorbing fiberboards became a viable option for schools and large 
industrial jobs because acoustical felts or tiles were not always affordable or practical for these 
institutions. Comfortable sound environments were now available in places where individuals visited 
occasionally and where individuals inhabited every day, like their homes.  
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One of the most common fiberboards was Masonite, a wood fiber acoustical board, 
developed by William H. Mason, founder of the Masonite Corporation (Figure 8). The raw materials 
came from lumber waste. Following World War I, the growing lumber industry in the United States 
eliminated large forests, and so, massive amounts of wood waste were being generated.105 The 
Masonite Corporation used this 
wood waste to manufacture 
fiberboards.106 A patent was filed 
for Masonite acoustical board in 
1927.107 Wood chips were put 
under high steam pressure, 
reducing the wood to fiber, and 
then pressed into panels.108 The 
majority of acoustical fiberboards 
came in large boards, four feet 
wide, and eight, ten, or twelve 
feet long. Masonite was made 
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Figure 8. Masonite used as paneling in office building of Thilmany Pulp & Paper 
Co., Kaukauna, Wis. (ca. 1935).[recent photo unavailable] 
Source: “Genuine Masonite,” Columbia University in the City of New York Avery 




chiefly of long fibers of longleaf pine and southern gum.109 This board had a ribbed or corrugated 
surface that made it different from regular fiberboard, and the rear surface was smooth but was 
adapted for studs so that it could be applied to finished walls.110 Fiberboards were applied in panels 
“with suitable strips or ornaments covering the joints.”111 This means that panels of acoustical 
fiberboard were applied to more surface area in less time, and in effect, a room was finished more 
quickly than if it were finished with acoustical tiles. 
The chief advantage of acoustical fiberboards was their cost. In the 1930s at a time of the 
economic depression, a material that was cost-effective had an advantage. Consumers bought 
acoustical fiberboards to use in their homes probably because of its cost and ease of installation.112 
These boards could be hung from picture moldings in small rooms, using the entire length of the 
board to cover the height and efficiently panel the areas desired.113 Panels of acoustical fiberboards 
provided a simple method of reducing reverberation and a quick method of installation, in 
comparison to the more time-consuming process of individual tile placement or the measurement of 
rolls of felt to be applied. 
Acoustical fiberboards were made from similar materials as acoustical tiles, but they had 
drawbacks not generally seen in the tiles. Acoustical fiberboards were less sound-absorptive than the 
tiles, absorbing about 30 to 40 percent of sound.114 But for their value, fiberboards offered a decent 
                                                 
109. Vern O. Knudsen, Architectural Acoustics, 246. Table XX illustrates the physical properties of absorptive 
materials, such as the composition, sound absorption coefficients, and thicknesses.  
110. Masonite Corporation, “Genuine Masonite,” Columbia University in the City of New York Avery 
Architectural and Fine Arts Library (trade brochure, Chicago: Masonite Corporation, 1935), 2; William H. Mason, 
“Acoustical Board,” United States Patent 1,875,074, filed August 5, 1927, and issued August 30, 1932. 
111. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 236-7. 
112. Mason Fibre Company, “Specifications and Details of Masonite,” Columbia University in the City of New 
York Avery Architectural and Fine Arts Library (trade brochure, Chicago: Mason Fibre Company, 1926), 3. 
113. Floyd R. Watson, Acoustics of Buildings 2nd Ed. (New York: John Wiley & Sons, Inc., 1930), 61. 
114. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 246. 
32 
 
amount of absorption. The cost was usually no more than about six to eight cents per square foot, 
which was modest compared to the costs of other acoustical materials on the market.115  
Also, acoustical fiberboards were not easily decorated.116 Decoration was not usually applied 
because oil and paint would close the pores on the surface of the material, which would have 
depleted the absorptive value. However, thin dyes and stains, stencil designs with heavier paint, or 
dry paint dusted on with a pounce bag were options for decoration that were not supposed to 
diminish the absorptive value of the fiberboard.117 Lastly, dried cellulose-based materials tended not 
to do well with combustion and therefore, they were not fireproof.  
While innovations in wall-applied materials based on fiber were being made, acoustical 
masonry materials, generally tiles for walls and ceilings, began to emerge. The development of the 
first acoustical masonry tile started with the collaboration of two experts in their respective fields, 
architect and builder Rafael Guastavino, Jr. and physicist Wallace Sabine.118 The architectural firm of 
Cram, Goodhue & Ferguson introduced Guastavino to Sabine in 1911.119 Cram, Goodhue & 
Ferguson were aware of Sabine’s study on acoustics and brought in their builder, Guastavino, to 
work with Sabine to design a material that was stone-like and neo-Gothic in appearance that could 
reasonably address the acoustical problems in their designs. Guastavino was aware of people’s 
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increasing preoccupation with silencing sounds around them and wanted to capitalize on the 
potential of developing and selling an acoustical tile that could be installed using the existing 
Guastavino Tile Arch System.120 He wished to improve the acoustic quality of his hard ceramic tile, 
and so through this collaboration, he was able to get the advice of an acoustic expert. Sabine agreed 
to help as it was an opportunity to further his research. The collaboration between Sabine and 
Guastavino proved to be mutually beneficial. Following a series of trial and error, Guastavino and 
Sabine created the “Rumford” tile and filed a patent for it in February 1913.121  
 “Rumford” acoustical tile appears to have been used mainly in churches and cathedrals. 
Many places of worship at the time had problems with excessive reverberation and echo, and this 
product was hoped to be a solution. The stone-like physical appearance of Rumford (Figure 9), in 
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Figure 9.Rumford tile at St. Vincent Ferrer Church, New York.  
Source: Photograph by the author, 2015.  
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addition to its fireproof disposition, made it a suitable match for neo-Gothic ecclesiastical structures. 
Rumford was ceramic in nature, being a fired product, composed of 25 percent clay, 10 
percent feldspar, and 65 percent “vegetable bearing earth,” or peat.122 It was applied to the exposed 
face of walls and ceilings, as the final finish. Its uniqueness was in its pore structure, which was 
characterized by a series of interconnected air pockets, formed in the kiln during the firing process 
as the vegetable matter was burned out. The quality of sound absorption was influenced by how 
prevalent these interconnected channels were throughout the material and whether they reached the 
top surface and through the interior.  
Although it was an innovative material, Rumford was not inexpensive. During the firing 
process, these tiles lost a considerable amount of material as the vegetable matter burned away, and 
there was a possibility of the pores coming out covered. The imperfections formed a shell-like skin 
on the surface that usually occurs in kiln-fired materials. Loss of pores meant the tile’s sound 
absorptive value could be impaired. To prevent the formation of this skin, Guastavino applied a 
coating of crushed vegetable bearing earth to the surface of the mold blank, on the side that formed 
the finished face.123 It was expensive to make because it could not be manufactured in the same way 
as conventional kiln-fired materials like brick or tile or it would result in the closure of its vital pore 
structure. 
Being a kiln-fired material was not the Rumford tile’s only drawback. Its production process 
was not very efficient and it did not always yield positive results in the characteristics of the tile.124 
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Furthermore, some of the final units from the kiln came out warped, overly vitrified, or under-fired. 
And their properties of color, porosity, hardness, and durability were also inconsistent with each 
production lot.125 As a kiln-fired masonry material there was generally a variation and an 
unpredictability to each lot of Rumford tile. But despite these variations, its sound-absorbing quality 
was felt to be reasonable at the time of its installation. Rumford tile was used in at least three 
locations in New York City: St. Thomas Church, St. Bartholomew’s Church, and St. Vincent Ferrer 
Church. Problems with the tile became more evident over time, including its brittleness and its 
surface qualities that attracted heavy soiling. Its use was short-lived. 
Some of the drawbacks with Rumford tile were addressed with Guastavino and Sabine’s next 
collaborative effort: “Akoustolith” artificial cast stone.126 It was initially used as Akoustolith tile.127 
Akoustolith was different from Rumford in that it was easier and cheaper to manufacture, and was 
not a ceramic.128 Instead, it was composed of a narrow gradation of lightweight pumice or sand 
aggregates, bonded with portland cement. This means that when it was produced the 
intercommunicating pore structure was kept intact, as finer grades of material would otherwise fill 
the interstitial spaces between the aggregate. The limited points of contact between the aggregate 
ensured the existence of pores.129  
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Furthermore, Akoustolith was more uniform in its color, composition, and absorptive 
qualities compared to Rumford, even though both tiles were installed in a similar manner. The 
recommended proportions were three parts sand or pumice to one part portland cement. If portland 
cement was used, a sufficient amount of water was required to activate the cement. After these 
materials were mixed, they were either cut into standard tiles, placed into a mold where the mixture 
was set, or they were formed into the desired shape without the mold. From here, the 
interconnected pores formed throughout the material and penetrated the surface.130 Akoustolith 
units were installed as one-inch thick panels to exposed surfaces and became the finished face of the 
walls and ceilings (Figure 10). 
 
Predictability and reliability of an acoustical material’s color, size, texture, and performance 
were important. As a porous masonry material, Akoustolith was durable and vermin-proof. The 
color and texture of Akoustolith stone depended on the aggregate and cement used during the 
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Figure 10. Akoustolith tile on the ceiling of the nave at the Cathedral of St. John the Divine 




manufacturing process, and so they were easily controlled. Akoustolith proved to be more 
economically viable than Rumford. Not at the mercy of a kiln and the unknowns in the kiln-firing 
method, ensured less material was wasted during the production process. Furthermore, eliminating 
the kiln-firing process altogether benefited the production costs. Akoustolith would prove to be a 
better sound-absorber and easier to manufacture. Akoustolith tiles were predominantly utilized in 
grand spaces. The stone-like and monumental aesthetic of Guastavino’s acoustical tiles were not 
appropriate for many buildings. 
The popularity of acoustical materials grew in the early twentieth century. With its popularity 
came a market for inexpensive acoustical materials developed to be used in more functional 
buildings, such as offices, banks, and schools. The acoustical materials boom in the 1920s gave 
people a wider selection of acoustical materials to choose from, that had various methods of 







Chapter 3: Acoustical Plaster 
 
 As the search continued in the first quarter of the twentieth century for additional materials 
to address issues with sound, acoustical plaster came into use. It was a modification of traditional 
plaster, using some similar materials and many of the application techniques. Acoustical plaster 
remains a poorly understood material as there were many proprietary formulas that have never been 
deciphered.  
 Plaster was a common building material used to finish walls and ceilings in the nineteenth 
and early twentieth century. In the early 1900s, finishing plaster was almost always gypsum, sand, 
lime, fiber, and occasionally cement. Gypsum is a soft, naturally occurring water-soluble mineral, 
known as hydrous calcium sulfate.131 It is found frequently in thick deposits throughout the earth’s 
surface, in volcanic areas, and in veins of metallic ores.132 Gypsum is made by heating gypsum and 
then grinding it into a fine, white powder.133 When mixed with water, it forms a paste-like material.134   
Gypsum plaster made for a fast-curing interior finish plaster that could be easily worked with 
a hawk and trowel. It was traditionally applied in three coats and was applied on masonry or lath, 
usually wood or expanded metal, although by the early twentieth century metal lath was more 
common.135 The first layer of plaster, the scratch coat, was theoretically to be applied at ¼-inch to 
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3/8-inch thickness. It was scratched or scored with a comb after it was nearly set to give a rough 
texture. Then the second coat, or brown coat, was applied directly to the scratch coat, also at a ¼-
inch to 3/8-inch thickness. Finally, the finishing coat was spread uniformly over the brown coat at 
1/8-inch thickness, or at most 3/8-inch,136 to provide a smooth, durable surface after the paste 
hardened. However, there were many installations that only used a two-coat plaster system with just 
the scratch coat and a finish coat.  
There are several different types of plaster, but portland cement plaster is the other that is 
most relevant to the later discussion on acoustical plaster. In the early 1900s, portland cement plaster 
was generally a combination of portland cement, sand, and occasionally hydrated lime.137 Portland 
cement is a fine powder produced by blending, burning, and grinding limestone, clay, and small 
amounts of other materials.138 When water is added to portland cement, it forms a plastic mass. It 
will adhere to a surface and harden over time, resulting in a durable, water-resistant product.139 
Like gypsum plaster, portland cement plaster was applied using the same tools on masonry 
or lath. Portland cement plaster was applied in two coats if used over solid masonry or three coats if 
over expanded metal lath.140 The application process was theoretically the same as gypsum plaster. 
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However, if a two-coat application was used, then the second coat was applied at 1/8-inch thickness 
to 3/8-inch at most. Again, thicknesses could vary slightly.  
 Acoustical plaster was based upon modifications 
of the finish coat of the two- or three-coat, traditional 
plaster.141 The finish coat often consisted of pumice, or 
another lightweight, glassy aggregate, like coke breeze or 
perlite;142 gypsum or portland cement; glass fibers, like 
mineral or asbestos fiber; foaming agents; and water.143 
There were undoubtedly other ingredients but finding 
them would require extensive reverse engineering of 
many mixes and this has not been undertaken or at least 
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Figure 11. Cross-section of acoustical plaster 
showing uneven surface. 
Source: Leslie B. Eaton, “Acoustic Plaster,” United States 




the author has no knowledge of this having 
been performed.144  
Acoustical plaster was applied with a 
hawk and trowel over traditional base coats of 
plaster. It was built up in a series of coats until 
the desired total thickness was reached. Usually, manufacturers called for thicknesses of ½-inch or 
1-inch. 145  For a ½-inch finish coat, the initial layer of acoustical plaster was applied ¼-inch thick, 
then doubled up with another ¼-inch layer thereafter. This finish coat was not smooth as the pore 
structure was very integral to this finish (Figure 11).  
Acoustical plaster was defined by its sound-absorptive properties that were a result of these 
pores on the surface and throughout the interior of the finish coat. The sound-absorbing properties 
of acoustical plaster were a product of the pores and aggregate used. Pumice was one of the more 
common aggregates for acoustical plaster. Pumice has been used in concrete since ancient Roman 
times for its lightweight qualities, but presumably pumice was a common aggregate because large 
deposits were found in California and large quantities were imported from Italy in the early 1900s.146 
The open cellular structure formed on mixing and installation, creating interconnected 
pores.147 There were pores in and around the pumice aggregate particles. The more or less sharp 
                                                 
144. Gustave A. New, “Acoustical Plaster Composition,” United States Patent 2,037,995, filed April 22, 1933, 
and issued April 21, 1936; James S. Offutt, “Acoustical Plaster for High Humidity Conditions,” United States Patent 
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145. The thickness varied depending on the job and how much acoustical plaster was deemed necessary by the 
acoustic engineer, to provide the sound conditions desired.  
146. Mineral Industries, The Mineral Industry Vol. 10 (New York: The Engineering and Mining Journal, 1902), 
581; N.a., “Origins of Pumice,” Pumice Information, accessed April 5, 2015, http://aboutpumice.com/pumice-
info.html. 
  
147. Paul E. Sabine, Acoustics and Architecture (New York: McGraw-Hill Book Company, Inc., 1932), 125; Vern 
O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 229; Paul E. Sabine, “Sound Absorbing 
Plaster,” United States Patent 1,458,631, filed April 29, 1921, and issued June 12, 1923; Gustave A. New, “Acoustical 
Plaster Composition,” United States Patent 2,037,995, filed April 22, 1933, and issued April 21, 1936. 
Voids
Figure 12. Voids formed between particles as a result of the 
more or less sharp projections of the aggregate. 
Source: Paul E. Sabine, “Sound Absorbing Plaster,” United States Patent 




projections of the aggregates prevented close packing, resulting in a material with voids in between 
the particles (Figure 12).  The irregularity of the surface and the pores that reach through to the 
surface from the depths of the material, aided the porosity of acoustical plaster. The theory as to 
how acoustical plaster worked was that sound energy would be able to travel through the surface 
pores and into the plaster where it was then absorbed and dissipated into heat.148 But if the surface 
were troweled smooth, then the pores on the surface would be closed up. The voids in the body of 
the aggregate itself were beneficial to the sound-absorbing properties of acoustical plasters in this 
way. The end product was a porous surface, or a plaster with good sound absorptive properties. (On 
average, acoustical plasters absorbed 20 to 40 percent of sound, but could absorb more if applied in 
a thicker layer.149) 
                                                 
148. Acoustical Materials Association, The Use of Architectural Acoustical Materials: Theory and Practice (New York: 
Acoustical Materials Association, 1965), 21-22; Hale J. Sabine, “Less Noise…Better Hearing,” 5th Ed., Columbia 
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Materials,” A. I. A. Bulletin XVII, no. 39-b, New York: Acoustical Materials Association, 1956. 
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Figure 13. M. A. P.’s Sweet's Catalog entry. 
Source: Sweet’s Catalog Service, “The Mechanically Applied Products Co.,” 
Sweet’s Indexed Catalogue of Building Construction (New York: Architectural 
Record Co., 1922), 17. 
A precise identification of who invented acoustical plaster is yet to be found, but Dr. Paul E. 
Sabine, a physicist at Riverbank Laboratories in 
Geneva, Illinois, was one of the first to patent an 
acoustical plaster in 1921.150 (In 1926, Dr. Sabine 
was officially credited as the inventor of 
“Sabinite, a sound-absorbent plaster.”151) He 
created acoustical plaster with the intention of 
providing a material that could be applied with 
ordinary plastering tools, and that when set, 
would absorb much more sound than traditional 
plasters were capable of.152 In his patent, Dr. 
Sabine indicates that buildings needed to be 
constructed with materials that could absorb 
sound and that it was a necessity for 
                                                 
150. 1921 was the earliest year the author found a patent from. (Paul Sabine was a distant cousin of Wallace 
Sabine.) 
Paul E. Sabine, “Sound Absorbing Plaster,” United States Patent 1,458,631, filed April 29, 1921, and issued 
June 12, 1923.  
151. Society for Science & the Public, “Sound Absorbent Plaster Invented,” The Science News-Letter 8, no. 249 
(Jan. 16, 1926): 4-5, http://www.jstor.org/stable/3901769. Reprinted in Journal of the Franklin Institute 201, no. 2 
(February 1926): 267-268, doi: 10.1016/S0016-0032(26)90843-0; Russell Freeburg, “A Sound Idea Still Vibrates in 
Geneva Lab: An Offshoot of Baconian Theory Proves Good,” Chicago Daily Tribune (1923-1963), Sept. 2, 1951, ProQuest 
Historical Newspapers: Chicago Tribune (178069613). 
152. Society for Science & the Public, “Sound Absorbent Plaster Invented,” The Science News-Letter 8, no. 249 
(Jan. 16, 1926): 4, http://www.jstor.org/stable/3901769.  
The patent does not specifically mention maintenance needs, however an article from the The Science News-Letter 
suggests that Dr. Sabine had places with sanitary needs in mind when he invented it. He remarked, “Proper sanitation 
and satisfactory acoustics are apparently mutually antagonistic.” Dr. Sabine seems to have wanted to rectify the situation 
of the unavailability of an acoustical material that could potentially be cleaned. 
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“auditoriums and the like” to “secure proper acoustical conditions.”153 In fact, other patents 
discussed that acoustical plaster was created with the intention of minimizing echoing effects in 
auditoriums and other rooms as well.154  
Dr. Sabine was not the only one working on acoustical plaster. Other manufacturers, such as 
the Mechanically Applied Products Company (M. A. P.), had research teams developing acoustical 
products.155 By 1922, M. A. P. had the first acoustical plaster to be advertised in Sweet’s Catalog, 
“Macoustic Plaster” (Figure 13).156 This acoustical plaster was developed as a result of architect J. H. 
MacDowell’s need for a sound-proofing material. MacDowell, as the architect for the Cleveland, 
Ohio municipal auditorium, refused to use an expedient, sound-deadening felt on the walls or 
ceiling. Instead, MacDowell collaborated with the Mechanically Applied Products Company to 
develop a sound-absorbing plaster. According to Henry Roegge, the president of M. A. P., the 
company worked with MacDowell for eighteen months, testing “a hundred or more” plastered 
panels and various compositions until they found the one most suitable for the city auditorium.157 
Roegge acknowledged that their Macoustic plaster was not as sound-absorbing as other acoustical 
                                                 
153. Paul E. Sabine, “Sound Absorbing Plaster,” United States Patent 1,458,631, filed April 29, 1921, and issued 
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Macoustic Engineering Co., Acoustics in Building Design (Cleveland, OH: Macoustic Engineering Co., 19--), 22-
23. 
 
157. “Sound-Absorbing Pla[s]ter,” The National Builder (1896-1924) 65, no. 10 (Oct. 1, 1922): 32, ProQuest 
American Periodicals (863255269). 
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materials typically used, but given the choice to cover the area with semi-absorbent material versus 
smooth, hard traditional plaster, the better result was obtained using the former.158  
 Other than for sound-absorbing purposes, acoustical plaster was developed for economic 
considerations and it ease of application.159 It was relatively inexpensive material to install: on 
average, acoustical plaster cost just one to two dollars more per square yard than traditional 
plaster.160 And acoustical plaster was also cheaper to install when compared to the other acoustical 
treatments available. Acoustical plaster cost 2.50 to 3.00 USD per square yard installed whereas 
acoustical felt or tile treatments ranged from 5.00 to 9.00 USD per square yard installed.161 
Acoustical plaster was installed by plasterers as it was similar to traditional plaster in application. No 
special equipment was needed for installing acoustical plaster—the tools required were those used 
by regular plasterers.162 (By comparison, acoustical felts and tiles needed nails or metal furring strips 
for attachment to walls or ceilings.) Moreover, acoustical plaster was applied in a similar way to 
traditional plaster, so this meant that plasterers were able to use a system familiar to them.  
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Fireproofing was perhaps not the key reason acoustical plaster was developed, but it was an 
important characteristic. Patents do not state that the plaster was made for fireproofing reasons. 
This may be because plaster was already known to be fire-resistant.163 The fireproof quality of 
acoustical plaster was more of a selling point for manufacturers.164 Fire safety was an important issue 
in this period and all acoustical plasters were essentially fireproof.165  
There were generally two types of acoustical plaster offered by manufacturing companies, 
gypsum or portland cement. Gypsum acoustical plaster was for general usage over walls and ceilings. 
Its two main known components were pumice and gypsum plaster, which was applied over a 
gypsum-based scratch and brown coat.166 Products like Kalite (Certain-Teed Products Corp.), 
Macoustic (M. A. P.), Stucoustic, Type A.D. (California Stucco Products Co.), and Sabinite A (USG) 
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were made of mostly pumice with a gypsum binder.167 A variation on the gypsum acoustical plaster 
was cast acoustical plaster. This was a gypsum-pumice mixture used for plain and ornamental design 
and relief work. 168 Castacoustic (Guastavino Co.), Kalite Cast (Certain-Teed Products Corp.), 
Casting Sabinite (USG), and Stucoustic, Type A.C. (California Stucco Products Co.) were some of 
the acoustical casting plasters. While small castings could be shop-made, Guastavino’s Castacoustic 
plaster was often cast on site, such as at Pepper Hall in the Franklin Institute (Philadelphia, 
Pennsylvania).169 
                                                 
167. Sweet’s Catalog Service, “Certain-Teed Products Corp.,” Sweet’s Indexed Catalogue of Building Construction (New 
York: Architectural Record Co., 1939), Section 10, Catalog 23; Sweet’s Catalog Service, “California Stucco Products Co,” 
Sweet’s Indexed Catalogue of Building Construction (New York: Architectural Record Co., 1939), Section 10, Catalog 36; 
Sweet’s Catalog Service, “United States Gypsum Co.,” Sweet’s Indexed Catalogue of Building Construction (New York: 
Architectural Record Co., 1939), Section 10, Catalog 31; Vern O. Knudsen, Architectural Acoustics (New York: John Wiley 
& Sons, Inc., 1932), 246-51. Product names were subject change over the years.  
168. I. C. S. Reference Library, Building Stone, Lathing, Plastering, and Tiling, Common Brickwork, Ornamental Brickwork 
and Terra Cotta, Lighting Fixtures, Use and Design of Lighting Fixtures, Architectural Design (Scranton, PA: International 
Textbook Company, 1909), (Section 38) 31.  
Casting acoustical plasters worked similarly to regular casting plasters of the time. The plaster was poured into 
molds with a canvas backing pressed lightly into the back of the mold. Company catalogs state that this was a plaster for 
casting purposes, but do not state how it was made. Architects or engineers might be able to look at the cast and reverse-
engineer the process. 
169. The Guastavino Fireproof Construction Company/George Collins architectural records and drawings, 
Department of Drawings & Archives, Avery Architectural & Fine Arts Library, Columbia University.  
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The other acoustical plaster mixture was pumice aggregate with a portland cement binder for 
general use in places of high humidity. Portland cement acoustical plaster was applied over a 
portland cement-based scratch and brown coat. Manufacturers advised a portland cement acoustical 
plaster be used if it was applied in an area subjected to high humidity or periodic wetting.170 For 
instance, Guastavino’s Akoustolith plaster was used on walls and ceilings exposed to dampness, such 
as those in swimming pools or steam kitchens. Kalite Hydraulic (Certain-Teed Products Corp.) and 
Sabinite No. 38 (USG) were also used for this same purpose.  
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Figure 14. According to M. A. P. Company, Macoustic plaster was installed on the ceiling panels of 
the Cleveland Auditorium . 
Source: Sweet’s Catalog Service, “The Mechanically Applied Products Co.,” Sweet’s Indexed Catalogue of Building 





In the 1920s and 1930s, acoustical plasters were used predominantly in new construction. 
Macoustic, Akoustolith, and Kalite plasters were initially used for acoustical correction in large 
spaces that people visited, but did not inhabit continually. Other than good acoustics, the 
monumental appearance of acoustical plaster was particularly suited to auditoriums, concert halls, 
and churches. Some architects considered acoustical plasters architecturally more substantial than 
other soft acoustical materials of the early 1920s, because acoustical plaster was fireproof and 
offered a seamless finish without any covers on the joints.171 One of the earliest recorded uses of 
acoustical plaster was Macoustic (M. A. P.) in the Cleveland Auditorium in 1922 (Figure 14). The 
seating capacity was advertised to be 15,000, and, at the time, Cleveland Auditorium claimed to be 
“the largest building in the world ever treated acoustically.”172 The Cleveland Auditorium was 
designed and equipped to serve various functions for entertainment and exhibition, like athletic 
competitions, balls, pageants, plays, musical concerts, and religious functions—an entire variety of 
activities with varying sound requirements.173 These requirements were also found in places of 
worship, which also used acoustical plaster. Some examples are the Riverside Church (New York 
City, Henry C. Pelton and Allen & Collens, architects), Church of Saint Andrew and Saint Paul 
(Montreal, Canada, H. L. Fetherstonhaugh, architect), and Appleton Chapel (Cambridge, Mass., 
Coolidge Shepley, Bulfinch & Abbott, architects).174 
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1933 (Cambridge, MA: The MIT Press, 2002), 216-217. 
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But besides the monolithic appearance of acoustical plaster that suited these spaces so well, 
the lightweight, structural quality of acoustical plaster was also significant, especially for large 
buildings. Kalite sound-absorbing plaster was utilized, perhaps most notably, in Radio City Music 
Hall (Edward Durell Stone, architect) in 1932 (Figure 15).  Radio City Music Hall was a symbol for 
what could be accomplished even in a time of economic depression. The “golden” buff-colored 
ceiling and the 6,000 seat capacity of Radio City Music Hall could provide a decadent escape for a 
gloomy nation.175 Public rooms needed good sound quality to maintain attendance. If people were 
satisfied with the acoustics, then they were likely to return. 
During the Depression, the simple, efficient appearance of acoustical plaster was fitting for 
usage in everyday spaces. Over this period, acoustical plasters, like Sabinite and Stucoustic, were 
                                                 
175. “Final Touches Added to New Music Hall,” New York Times, Oct. 28, 1932, ProQuest Historical 
Newspapers: New York Times (99629442). 
Figure 15. Kalite acoustical plaster installed on entire fluted ceiling and walls in Radio City Music 
Hall. 
Source: Nicholas F. Palmieri, “Radio City Music Hall, digital image 2014, 
http://www.docnickphotos.com/; Sweet’s Catalog Service, “Certain-Teed Products Corp.,” Sweet’s Indexed 




typically used for noise quieting in places inhabited every day for long periods of time.176 The 
decrease in noise levels led to improved working conditions and worker efficiency because there 
were fewer distractions. Sabinite could be found in schools, offices, lobbies (Figure 16), and 
particularly in stenographic departments, where 
as many as 60 typewriters were in constant 
operation.177 Stucoustic, too, was used at a 
number of high schools and universities, such as 
Dartmouth Hall at Dartmouth College (Hanover, 
New Hamp.; Jens Frederick Larson, architect), 
the Physics Building at M. I. T. (Cambridge, 
Mass.; G. T. Richards, architect), and Glen Cove 
High School (Long Island, NY; Tooker & 
Marsh, architects).178 Students and workers still 
required mental application for their tasks, and 
acoustical plaster could provide a comfortable 
aural environment for them to do so.  
 Although Stucoustic was advertised for 
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Figure 16. Sabinite ceiling at the Hershey Chocolate Corp., 
Hershey, Penn. (ca. 1942). 
Source: United States Gypsum Company, A Catalog of Building Materials 
Manufactured and Sold by United States Gypsum Company, trade 
brochure, Columbia University in the City of New York Avery 





noise quieting, it was used for other reasons, such as in Scotty’s Castle it seems to have been used 
for acoustical correction. Today, this acoustical plaster remains in Scotty’s Castle (Figure 17), in what 
used to be the summer home of Albert and Bessie Johnson, a wealthy couple from Chicago. Scotty’s 
Castle was built over nine years, from 1922 to 1931. The acoustical plaster was purchased in 1927, to 
be installed in the Upper Music Room of their home.179 The Johnsons used this room to entertain 
their many guests. People gathered here, and Bessie Johnson used the room to give her sermons. 
Organ concerts were held in this room as well.  
Acoustical plasters could be tinted with color or finished with a texture. Although the natural 
color of most acoustical plasters was a neutral gray, most plasters could be tinted almost any color 
before application.180 For example, Sabinite could be furnished in white and four standard colors or 
tints: ecru, ivory, cream, and buff.181 Others, like Stucoustic, could be spray-painted or  
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Figure 17. Stucoustic acoustical plaster (with detail) installed on the walls of the Upper Music Room, Scotty's Castle, 
Death Valley, Calif. (View from room entrance) 




integrally colored.182 Spray paint supposedly did not fill in the surface pores as it was only a thin layer 
of color.183 Adding a textured finish was believed to improve the material’s sound-absorptive 
qualities. Acoustical plasters had the option of being floated, stippled, textured, or antiqued, if 
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Figure 18. Examples of some surface textures  
Source: The Guastavino Fireproof Construction Company/George Collins architectural records and 




desired (Figure 18).184 These methods increased the surface area to allow more exposure to air in the 
setting and drying process, and to allow more sound to reach the interior of the plaster to increase 
efficiency.185 
However, acoustical plaster was not without its faults. While acoustical plaster was a hard 
material in comparison to the fibrous acoustical felts and tiles, as a building material it was friable 
and if abraded by something it came into contact with the surface was marred. Also, the surface 
soiled easily and soiling settled deep within the pores. Thus, acoustical plasters were actually quite 
difficult to clean properly; they could be washed of the dirt and dust they inevitably collected, but 
not without abrading the surface. The portland cement acoustical plasters fared better than gypsum 
acoustical plasters186 in this regard—that was why cement plasters were recommended for places 
with sanitary needs, like hospitals and medical centers.  
Issues with the physical properties were not the only concerns, however. There were sound-
absorbing problems related to the installation process and the decorating process. The porosity of 
acoustical plaster was in part dependent on drying conditions and on the suction behind the plaster. 
A high degree of suction from the drying out of the finishing plaster influenced the success or 
failure of the plaster’s sound-absorbing properties. The scratch and brown coats were supposed to 
draw the water from the acoustical plaster, and thus “prevent the formation of a nonporous film on 
                                                 
184.  Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 227-232; Sweet’s 
Catalog Service, “California Stucco Products Co,” Sweet’s Indexed Catalogue of Building Construction (New York: 
Architectural Record Co., 1943), Section 10, Catalog 41; Sweet’s Catalog Service, “Macoustic Engineering Co.,” Sweet’s 
Indexed Catalogue of Building Construction (New York: Architectural Record Co., 1923), 34; Sweet’s Catalog Service, 
“Certain-Teed Products Corp.,” Sweet’s Indexed Catalogue of Building Construction (New York: Architectural Record Co., 
1939), Section 10, Catalog 23. 
185. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 192; Sweet’s Catalog 
Service, “R. Guastavino Co.,” Sweet’s Indexed Catalogue of Building Construction (New York: Architectural Record Co., 1939), 
Section 10, Catalog 40.Akoustolith plaster did not require floating, stippling, or other mechanical processes, its 
advertisement claimed.  
 
186. Plasters that are portland cement-based develop their strength over time. They form a hard outer skin. 
Hardening is a result of carbonation, which is the incorporation of carbon dioxide into the plaster.  
Yvonne Dean, Finishes 4th Ed. (London, England: Longman Limited, 1996), 83. 
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the finished surface.”187 If a nonporous film in the form of pigment paint was applied, it adversely 
affected the quality of the material as well. No acoustical plasters could be brush painted with regular 
oil varieties as this would close up the pores on the surface and deplete its sound-absorbing 
properties.188 Because painting acoustical plaster required careful application, manufacturers either 
offered exact painting instructions or they had a supervisor visit the site to ensure that paint was 
applied properly.189  
Prior to the invention of acoustical plaster, architects and builders may have refrained from 
using acoustical materials because of economic or fire safety reasons, but by the 1920s, sound-
absorbing plasters were available and affordable. Its widespread use helped people become 
accustomed to sound-conditioned environments. While acoustical plasters were popular, their 
maintenance was discovered to be expensive and difficult. The dirt was unsightly, and so people 
began to paint over it to improve the aesthetics. Unfortunately, after numerous coats of spray paint, 
there was a significant reduction in the acoustical plaster’s efficiency. Companies, like California 
Stucco Products, warned that five layers of spray paint could reduce sound absorption by two 
percent.190 Furthermore, the durability manufacturers promised was not always accurate; pieces of 
plaster could crumble off with a bit of pressure to the surface. The amalgamation of these issues 
negatively impacted acoustical plaster as an effective sound-absorbing material. Thus, these early 
                                                 
187. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 229-230. 
188. Hale J. Sabine, “Less Noise…Better Hearing,” 5th Ed., Columbia University in the City of New York Avery 
Architectural and Fine Arts Library (Chicago: The Celotex Corp., 1941), 15; Vern O. Knudsen and Cyril M. Harris, 
Acoustical Designing in Architecture (New York: American Institute of Physics for the Acoustical Society of America, 1978), 
98-100; Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc., 1932), 194-95. 
189. Sweet’s Catalog Service, “California Stucco Products Co,” Sweet’s Indexed Catalogue of Building Construction 
(New York: Architectural Record Co., 1939), Section 10, Catalog 36; Sweet’s Catalog Service, “R. Guastavino Co.,” 
Sweet’s Indexed Catalogue of Building Construction (New York: Architectural Record Co., 1939), Section 10, Catalog 40; 
Sweet’s Catalog Service, “The Kelley Island Lime and Transport Co.,” Sweet’s Indexed Catalogue of Building Construction 
(New York: Architectural Record Co., 1943), Section 10, Catalog 47. 
190. Sweet’s Catalog Service, “California Stucco Products Co,” Sweet’s Indexed Catalogue of Building Construction 
(New York: Architectural Record Co., 1943), Section 10, Catalog 41. 
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variations of acoustical plaster became a less popular choice by the early 1940s.191 Issues with 
maintenance and repair remain. They are very much at the forefront of today’s challenges with the 
preservation and conservation of acoustical plaster. 
  
                                                 
191. Emily Thompson, The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in America, 1900-
1933 (Cambridge, MA: The MIT Press, 2004), 217. 
57 
 
Chapter 4: Preservation of Acoustical Materials 
 
Preserving acoustical materials is difficult. The materials vary in type and condition. Also, 
many of these materials have already been lost to deterioration and changing fashion. The questions 
that need to be addressed are not only why one would preserve acoustical materials, but how one 
can do so.  
The first step in documenting acoustical materials is identifying the material.192 
Distinguishable features are given below. 193 Overall, these acoustical materials were available in a 
variety of colors and may have a painted or unpainted surface. 
Felts 
Acoustical felt is soft and looks like a blanket of matted, condensed, and pressed fibers; the 
membrane that covers the felt is a canvas or cloth that could resemble a plaster or tile surface. Early 
twentieth century variations were not particularly durable and are less likely to be found today.194 
Fiberboards 
Acoustical fiberboards are large, semi-rigid or rigid panels with a fibrous appearance and may 
even look like conventional wood on the surface. They are mounted by nails or an adhesive.195 
Similar to acoustical felts, fiberboards from the early 1900s are less likely to be found today. 
Tiles 
                                                 
192. In addition to visual identification, laboratory testing may be required. It may be necessary to take a sample 
of the material, which is considered to be destructive. If a sample is needed, conservation practices dictate that it be 
taken from an inconspicuous place. Some options for testing the material are polarized microscopy, X-ray diffraction, 
and petrographic analysis. 
193. See appendix if additional visuals are needed. 
194. Anne E. Weber, “Acoustical Materials,” In Twentieth-Century Building Materials, edited by Thomas C.  Jester 
(New York: McGraw-Hill, 1995), 264. 
195. Mason Fibre Company, “Specifications and Details of Masonite,” Columbia University in the City of New 
York Avery Architectural and Fine Arts Library (trade brochure, Chicago: Mason Fibre Company, 1926), 5-6; Anne E. 
Weber, “Acoustical Materials,” In Twentieth-Century Building Materials, edited by Thomas C.  Jester (New York: McGraw-
Hill, 1995), 266-67. 
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Fiber tiles have mechanically-made perforations on their surface with noticeable joints as 
they are usually limited to a tile or ashlar effect. The various fibrous tiles are semi-rigid or rigid and 
could have been painted. Most fiber tiles were applied by gluing or nailing to wood furring, plaster, 
or concrete substrates, or by fastening to a suspension system. 196 According to Anne Weber, the 
most prevalent type was application with an adhesive.197  
Acoustical masonry tiles tend to imitate stone aesthetically, but are more lightweight in 
comparison. They have a fine or rough, granular appearance with noticeable joints, and were applied 
directly to masonry. The tiles were available in shades of gray and buff.198 And since they are 
fireproof, they are typically found in large public, historic spaces.  
Plaster 
Acoustical plaster looks like plaster but with a more irregular texture; its surface may be 
floated or stippled. It forms a seamless porous surface, unbroken by tile lines. Similar to acoustical 
masonry tiles, it is lightweight, fireproof, and can be found in historic spaces. Also, acoustical plaster 
is softer and easily abraded.  
Acoustical materials should be preserved where possible. Reasons to preserve early twentieth 
century acoustical materials lie mostly in their age, historic value, and function. The materials 
discussed in this thesis are almost a century old and should be kept intact because the acoustical 
materials were, historically, a part of and essential to a space. They are crucial to the story of a space 
                                                 
196. The Celotex Company, “Specifications and Details for the Application and Decoration of Acousti-Celotex 
for Acoustical Treatment,” Columbia University in the City of New York Avery Architectural and Fine Arts Library 
(trade brochure, Chicago: The Celotex Company, 1926), 5; George P. Little Company, Inc., “Quiet, Please!: Sound 
Conditioning with Acousti-Celotex,” Columbia University in the City of New York Avery Architectural and Fine Arts 
Library, (Chicago: George P. Little Co., 1950), 14. 
197. Anne E. Weber, “Acoustical Materials,” In Twentieth-Century Building Materials, edited by Thomas C.  Jester 
(New York: McGraw-Hill, 1995), 267. 
198. Sweet’s Catalog Service, “R. Guastavino Company,” Sweet’s Indexed Catalogue of Building Construction (New 
York: Architectural Record Co., 1918), 34-35; Laura Buchner, “Restoration of Akoustolith Tile at St. John the Divine, 
New York City,” APT Bulletin 41, no. 2/3 (2010): 28. 
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as they present information in a visual way. Additionally, there are guidelines for the treatment of 
historic materials. The Department of the Interior recommends that historic sites identify what the 
materials in their space are,199 and they insist on not altering materials in order to preserve or save 
the historic character of the site. The standards for preservation given by the U. S. Department of 
the Interior state, “The replacement of intact historic materials or alterations of features that 
characterize a property will be avoided.”200 Interior features and finishes play a prominent role in the 
history and significance of a site, and if altered or removed, then information about the site might be 
lost.  
Furthermore, these early twentieth century acoustical materials are significant because they 
may be one of the few left in use. Acoustical materials dated to the early decades of the 1900s are 
unique in that they are not commonly extant.201 Historic acoustical materials may not be found in 
spaces today because these materials were constantly being updated or were discontinued, and 
replaced over time.202  
Acoustical materials are also significant because they were specifically selected for their 
environment. They were used in many types of rooms, but were not used just anywhere—they serve 
a function. Acoustical materials were engineered for the particular purpose of providing good 
acoustics. And their impact as such should be noted and preserved. 
                                                 
199. U. S. Department of the Interior, “Standards for Preservation,” National Park Service, 2015, 
http://www.nps.gov/tps/standards/four-treatments/treatment-preservation.htm. 
200. U. S. Department of the Interior, “Standards for Preservation,” National Park Service, 2015, 
http://www.nps.gov/tps/standards/four-treatments/treatment-preservation.htm; Kay D. Weeks and Anne E. 
Grimmer, The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, Rehabilitating, 
Restoring and Reconstructing Historic Buildings (Washington, D.C.: U. S. Department of the Interior, 1995), 44-46. 
201. Historic acoustical masonry tiles and acoustical plaster might be more commonly seen today, probably 
because they are more durable. 
Anne E. Weber, “Acoustical Materials,” In Twentieth-Century Building Materials, edited by Thomas C. Jester (New 
York: McGraw-Hill, 1995), 264. 
202. Vern O. Knudsen, Architectural Acoustics (New York: John Wiley & Sons, Inc, 1932), 197; Marshall Long, 
Architectural Acoustics 2nd Ed. (New York: Academic Press, 2014), 37-38. 
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Acoustical materials should be preserved for the value they bring to the space in which they 
were installed and conserved to meet society’s current needs. Therefore, the form of treatment that 
works is one that is appropriate and economically feasible for the client in question. The least 
amount of intervention is usually appropriate. The material should be left untreated if intervention 
might damage it or mostly untreated if there are no issues with it; that is to say, not all acoustical 
material can be preserved due to its condition. Routine maintenance should occur to retard 
deterioration or to prevent damage.  
However, there are exceptions to this philosophy. As discussed in documents, such as the 
Venice Charter and AIC Code of Ethics and Guidelines for Practice,203 the integrity and historic 
feature of these materials need to be respected, but an approach that does not take into account 
life/safety, economic, or social demands of the future is unacceptable. If the material is hazardous, 
these hazards either must be removed or the material must be modified to eliminate any risks to the 
public.  
If the material is in poor condition, e.g. vermin-infested felts or moldy materials, it is not 
functioning and components of its aesthetic character have been compromised. To fix this, the 
acoustical material should be retained and repaired to a workable condition. The repair should be as 
least invasive as possible. According to Article 10 of the Venice Charter,204 repairs should be 
completed using the same or similar traditional techniques and if these techniques prove inadequate, 
                                                 
203. Material integrity and/or preservation decisions regarding the future are discussed in Article 5 of the Venice 
Charter and Articles III, VI, XII of the AIC Code of Ethics.  
 
International Council on Monuments and Sites (ICOMOS), Second International Congress of Architects and 
Technicians of Historic Buildings, The Venice Charter: International Charter for the Conservation and Restoration of Monuments and 
Sites, (ICOMOS, 1964); American Institute for Conservation of Historic and Artistic Works, AIC Code of Ethics and 
Guidelines for Practice, AIC, last modified 2014, http://www.conservation-us.org/about-us/core-documents/code-of-
ethics-and-guidelines-for-practice/code-of-ethics-and-guidelines-for-practice#.VVQj8flViko. 
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and Technicians of Historic Buildings, The Venice Charter: International Charter for the Conservation and Restoration of 




then modern techniques can be used only as long as scientific data and experience prove their 
efficacy.  But in reality, repairing or cleaning many acoustical materials would be very expensive. The 
process is costly, both financially and to the material itself. Damage to the material can occur in the 
cleaning process and the porous nature of the material leaves internal spaces of the acoustical 
materials inaccessible to cleaning, not allowing for the full abatement of biological issues. 
Issues with health and safety must be addressed. Some of the fiber-based acoustical materials 
can be made with asbestos. Others can have mold. A test to determine if asbestos is present should 
be completed before any treatment takes place, as it is known that asbestos was used in some 
acoustical materials. 
Acoustical materials with asbestos or mold can be difficult to salvage or it is inadvisable to 
salvage them. An asbestos abatement team would have to be consulted in matters of the 
preservation of a historic acoustical material that contains asbestos.205 If asbestos is present, laws and 
regulations state that asbestos must be abated or encapsulated.206 Asbestos, even at low levels, has 
various health risks associated with its exposure.207 The concern is about people being exposed to 
airborne asbestos and breathing in tiny fibers. The fibers are very small and sharp, and can be 
embedded in the lung.208 Asbestos can cause lung cancer and mesothelioma, or cancer of the lung 
lining and chest wall.209  
                                                 
205. There are also instances where the abatement team has already gone through a space and removed possibly 
historic material containing asbestos before the conservator has even arrived.   
 
206. Department of Health, “Asbestos Laws and Regulations,” NY State Department of Health, last modified 
Aug. 2011, https://www.health.ny.gov/environmental/indoors/asbestos/laws.htm. 
207. United States Environmental Protection Agency, “Asbestos Health Risks,” EPA, last modified Feb. 5, 
2015, http://www2.epa.gov/region8/asbestos-health-risks. 
208. United States Environmental Protection Agency, “Asbestos Health Risks,” EPA, last modified Feb. 5, 
2015, http://www2.epa.gov/region8/asbestos-health-risks. 




Although the health risks associated with exposure to mold are mild compared to asbestos, 
mold can still cause a variety of health effects.210 In healthy people, mold can cause coughing or 
wheezing, nasal stuffiness, or eye, skin, and throat irritation.211 In immune-compromised people, 
serious lung infections and other respiratory illnesses can occur. Moreover, continuous exposure 
may result in poisoning caused by the toxins in the mold and even cancer.212 Acoustical materials 
with asbestos and mold cannot be saved or they can be very difficult to save, but in cases where 
there is little or no risk to health and safety, acoustical materials should be preserved.  
Moisture can cause acoustical fiberboards and fibrous tiles to expand or warp.213 Other than 
what was discussed in previous chapters, further research of the specifics of how each type of 
acoustical material decays is needed. Due to the nature of acoustical materials, deterioration varies 
for each material. Products made from organic materials, like plant or animal fibers, deteriorate over 
time and are susceptible to biological attack.  
Therefore, when they cannot be preserved, then documentation—which is an essential part 
of the preservation process—and replacement may be the only viable preservation treatment given 
the problems and even safety hazards with some of the acoustical materials. According to the AIC 
Code of Ethics, Article VII, documentation creates a permanent record. It informs posterity of the 
decisions made, which types of treatment were used and why.  
                                                 
210. National Center for Environmental Health, “Facts About Mold and Dampness,” Centers for Disease 
Control and Prevention, last modified June 17, 2014, http://www.cdc.gov/mold/dampness_facts.htm. 
211. National Center for Environmental Health, “Facts About Mold and Dampness,” Centers for Disease 
Control and Prevention, last modified June 17, 2014, http://www.cdc.gov/mold/dampness_facts.htm. 
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If an acoustical material is essential to the space, but there is too much deterioration or 
damage to the original to function properly and arrangements cannot be made to salvage them, then 
a replacement is acceptable. According to the Venice Charter and the AIC Guidelines for Practice,214 
the integrity of the space must be upheld by clearly indicating where compensations were made so 
that it does not falsify the historic evidence.215 Replacements should be reversible, partly because in 
the future, another material may become available that works as a better substitute for the 
replacement. 
The preservation approach for historic acoustical materials is complex in that it is dependent 
on the aesthetics, on material requirements and issues that that particular material might have, on 
sound requirements of the room in which they are installed, the schedule to complete the project, a 
client’s budget and expectations, etc. Each case is unique and should be evaluated individually, and 
due to the number of possibilities and to time constraints, only a select few case studies, materials 
(acoustical plaster, masonry tile, and fibrous tile), and their preservation approach, from the least 
intervention to most intervention, will be discussed.  
It is important to keep as much of the original acoustical material intact as possible, so there 
are times when the proper preservation approach is to leave the historic acoustical material 
untouched. The condition of the material should still be assessed as often as deemed necessary by 
the conservator, but otherwise, the best method may be to keep interference at a minimum. For 
example, the acoustical plaster in Scotty’s Castle, a historic house museum located in Death Valley 
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National Park, has not been treated. There are no records of treatment documented for the 
acoustical plaster at Scotty’s Castle prior to 2007.216 This acoustical plaster was installed in 1927 and 
was used on the walls of the Upper Music Room because the room functioned as a place for music 
performances, such as organ concerts, or the spoken word. Presently, the Upper Music Room is 
used as a stop on the guided tours of Scotty’s Castle and for organ concerts once a year. 
This preservation approach is acceptable because the acoustical plaster retains its original 
historic character, material integrity, function, and appearance as it is not being altered or damaged 
in any way. This approach preserves the technology that is original to the house and to the time 
when it was built. Intervention that alters the aforementioned aspects would not be in line with 
author’s philosophy and the preservation principles discussed in documents like the Venice Charter 
and the AIC Code of Ethics.217 
This treatment option was chosen at Scotty’s Castle because the condition of the acoustical 
plaster is fair to good, soiling is not a major issue, and it poses no threat to human safety. This 
approach is also cost-effective and there are little to no external forces affecting its condition that 
would lead to costly treatment and repair. Now and then, the museum staff has noted that tiny 
pieces of the acoustical plaster have crumbled off from the walls onto the floors or furniture, but the 
issue of friability has not been deemed severe enough to require treatment.218 Acoustical plaster is 
soft enough that it could be damaged upon forceful contact—from furniture movement or surface 
                                                 
216. Gretchen Voeks, curator at Scotty’s Castle, stated that there are no records of which treatments, if any, were 
utilized on the walls prior to 2007. Gretchen Voeks, e-mail message to author, March 27, 2015. 
 
217. Specifically, Articles 3 and 6 of the Venice Charter, and Articles II and VI of AIC Code of Ethics. 
 
218. More recently (April 2015), however, the curator of Scotty’s Castle, Gretchen Voeks, has communicated 
through e-mail with the author that there are plans to re-assess the acoustical plaster’s condition. 
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cleaning—but there are few issues with the acoustical material here and, with care in curatorial 
maintenance, it will remain in fair to good condition.219  
Another issue comes from the possible method of repair to be used on damaged plasters. 
Methods of consolidation can maintain the material and structural integrity of acoustical plaster; 
however it diminishes or removes its effectiveness as an acoustical material.220 In other words, 
common consolidation treatment will unacceptably alter the original character of the historic 
acoustical plaster. Should the acoustical nature of the plaster be deemed non-contributing to the 
significance of the space, it is advisable to conduct additional site-specific study before utilizing 
consolidation to understand the permanent changes that would occur within the plaster structure 
and chemistry. In most cases, by not treating the acoustical plaster, its integrity is being protected. 
There are cases, however, where an acoustical material requires cleaning treatment to ensure 
its preservation. For instance, a cleaning treatment was used at Temple Emanu-El, a prominent 
Jewish synagogue located on the Upper East Side in New York City. The acoustical tiles 
(Guastavino’s Akoustolith) were installed on the 103-foot high ceiling and walls where speech 
intelligibility is important. Over time, these Akoustolith tiles collected a “measurably thick”221  layer 
of soil on their surface and needed to be cleaned because dirt clogs the pores of the tiles and affects 
the acoustical and aesthetic quality. Temple Emanu-El underwent a full-scale restoration in the late-
2000s and cleaning was part of this process.222  
                                                 
219. United States Department of the Interior/National Park Service, Historic Structure Report: Death Valley Scotty 
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Cleaning is acceptable because it directly preserves the function and aesthetic of an 
acoustical material. After a methodical testing process of various cleaners, including dry cleaning, 
wet cleaning solutions, chemical solutions, foam-pellet sandblasting, and a vacuum-spray 
combination, conservators picked a dry cleaning method because this approach did not damage the 
material or change the appearance or porous quality of the tile.223 Using a dry method fits with the 
philosophical principles discussed earlier because dry cleaning is able to clean the material without 
imposing risk of extended damage.  
Conservators used Wishab sponges, which are dry sponges that absorb dirt and can be used 
on sensitive surfaces.224 Wishab sponges are an appropriate solution; they facilitate a more controlled 
and gentle cleaning. Methods that do not use water or methods with minimal water introduction are 
typically the method that works best for cleaning historic acoustical masonry materials, for the 
aforementioned reasons and because the dirt is not further drawn into the material.225 
                                                 
223. Wet cleaning solutions, chemical solutions, foam-pellet sandblasting, and a vacuum-spray combination all 
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Poultices, like latex poultice Arte Mundit®, are also used for cleaning soiled surfaces and 
keep the amount of water used at a minimum. Arte Mundit® type 1 was utilized at the Franklin 
Institute, a science museum and center of scientific education and research, in Philadelphia, 
Pennsylvania.226 Specifically, the Akoustolith on the dome of Franklin Hall had collected a lot of dirt 
and grime over the years and was restored.227  
Arte Mundit® preserves the aesthetics and function, and it is acceptable because the material 
integrity is not altered or damaged by this cleaning method. Even though Arte Mundit® can stain,228 
it works well on soiled surfaces for the same reason as the Wishab sponge—it is an appropriate 
cleaning treatment that is controlled and gentle on the material. Arte Mundit® type 1 is a 
“dispersion of modified rubber;”229 it is applied as a liquid and as it cures, it turns into an elastic film. 
The latex is able to get into the crevices to grab and subsequently hold the soiling to allow for easy 
removal. After it is pulled from the surface, any staining or residue should be removed and the 
surface neutralized with a damp sponge or water rinse.230 In addition to the limited amount of water 
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used, poultices provide prolonged contact with the soiled area, or have long dwell times, which 
means there is time for soiling to adequately be pulled from the surface and onto the latex.231  
Coating an acoustical material is not usually deemed acceptable because the sound-absorbing 
properties are altered, but an exception can be made when an acoustical material is coated in order 
to preserve its ultimate use in the structure. For example, this is the preservation approach at the 
Washington National Cathedral (WNC), the second largest cathedral in the United States, located in 
Washington D.C. In the 1920s or ‘30s, Akoustolith tiles were installed in portions of the ceiling232 to 
absorb sound and to improve speech intelligibility. While the tiles’ sound-absorbing qualities worked 
well for speech, they negatively impacted musical performances, like the choir and organ, by 
deadening too much sound.233 Recently, the WNC wanted the acoustics to complement the music 
and new organ, according to the 2013 Akoustolith assessment by Building Conservation Associates 
(BCA).234 Over time, technology changes and improves, so there was no longer a need at the WNC 
for the Akoustolith to absorb sound.235  
While acoustical materials began as sound absorbers to suit the needs of the early twentieth 
century, they can continue to the suit the needs of the present by being modified. However, they 
should only be modified for a particular space if this space cannot specifically function without good 
                                                 
231. Kyle C. Normandin and Deborah Slaton, Cleaning Techniques in Conservation Practice (Dorset, England: 
Donhead Publishing, 2005); Catherine Woolfitt and Graham Abrey, “Poultices,” Building Conservation Directory, last 
modified 2000, http://www.buildingconservation.com/articles/poultices/poultice.htm.  
232. Raymond Pepi et al., Washington National Cathedral: Akoustolith Assessment and Treatment Evaluation – Interim 
Report (Philadelphia, PA: Building Conservation Associates, Inc., October 2013), 3. 
233. Raymond Pepi et al., Washington National Cathedral: Akoustolith Assessment and Treatment Evaluation – Interim 
Report (Philadelphia, PA: Building Conservation Associates, Inc., October 2013), 3. 
234. With improvements to technology, the ability to better hear and understand spoken word is not much of an 
issue anymore.  
Raymond Pepi et al., Washington National Cathedral: Akoustolith Assessment and Treatment Evaluation – Interim Report 
(Philadelphia, PA: Building Conservation Associates, Inc., October 2013), 3-4. 




quality sound. This seems to be the case with the WNC, and so coating is acceptable in this 
instance236 and is a reasonable solution to the new problem. After many tests and consultation with 
an acoustics firm, BCA picked a clear coating that provided the acoustical performance, or sound-
reflective properties, needed for a space like the WNC and that did not significantly alter the 
Akoustolith’s appearance. Coating the acoustical material to be more sound-reflective is irreversible, 
but this would allow the acoustical material to once again serve its ultimate purpose of providing 
good acoustics. The BCA conservators decided on the modification that was the least invasive, that 
preserved the Akoustolith’s surface finish and its function of providing good acoustics.  
Maintaining as many elements of the original historic acoustical material is important, but 
sometimes, it is safer to modify or replace an acoustical material if it contains materials that are 
extremely harmful to people.237 The John Coltrane House238 in Dix Hills, New York is an example 
where this approach was employed. The acoustical tiles were installed in the basement on the walls 
and ceiling.239 (It should be noted that the acoustical tiles are believed to have been put in sometime 
during or after the 1960s, as this was when John Coltrane and his wife Alice moved in and had a 
recording studio built.240) This area served as the recording studio of John Coltrane, a famous jazz 
musician, and was a significant part of the House as Coltrane utilized this space to record his music.  
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Mold caused a lot of damage to the acoustical tiles to the point where they are in such poor 
condition that they cannot be preserved. If possible, the author suggests salvaging any original part 
that can be salvaged, as long as it does not pose future dangers to life/safety. If the house becomes a 
functioning museum, many visitors could potentially be walking through the house. It would be a 
risk to keep moldy materials even if they are original. This is where documentation of the material is 
absolutely crucial. Even though the original acoustical material itself is not extant, at least there is a 
record of its use.  
If funding permits, a way to mitigate this loss is to replace the acoustical tiles in-kind or to 
replicate a similar-looking material to be placed back to where they were installed previously. While 
this may not be the ideal solution, there will be instances where it is okay for a historic material to be 
replaced and some aspect of the material preserved in another way. 
The goal of preserving historic acoustical materials is to use the least obtrusive but effective 
method. Acoustical materials from the early twentieth century are important because they were 
engineered not only for aesthetic reasons but for the specific function of providing good acoustics. 
Moreover, they are an essential part to the story of a space. These are original materials that are 
almost a century old and so, they have value in their age and their use. However, there is not one set 
way of preserving them. As the needs and issues of each acoustical material vary, the decision for 
treatment must be evaluated on a case-by-case basis. And although each situation is different, the 











Public and private spaces in mass utilized the advancements of acoustical materials. These 
acoustical materials represent a new technology that was available at a time when the nation was 
growing rapidly and sound requirements were changing. They symbolize mankind’s ability to control 
sound and are a significant component of the interior finish of spaces where sound quality is 
important. The effects of using these materials were improvements in understanding the spoken 
word and music, and an environment where people could concentrate, be efficient, and 
comfortable—where counterproductive noise was reduced or eliminated.  
Early twentieth century acoustical materials had a major impact on the building industry and 
as such, they should be preserved. Even though there are many ways to preserve a material, the 
approach is about finding the right balance between preservation of the original material and its 
ultimate function of optimizing sound quality.  
 This thesis provides a start into the study of the history of early twentieth century acoustical 
materials. It is a complicated topic to delve into as there is very little technical information and even 
less on the exact origins. This thesis attempts to cover some of those origins; however the discussion 
is limited by what has been documented already and by the information the author has access to. 
Acoustics incorporates many disciplines, but mostly focuses on physics, engineering, and 
architectural design. This is the side that has been written about and discussed more so than the 
materials history side, which is lacking.  
As there are gaps in the history and technology of acoustical materials, particularly with 
acoustical plaster, further research is needed. A list of areas that need more study are: the similarities 
and differences among the assortment of acoustical plaster recipes; the reasoning behind the 
combination of lightweight aggregates and foaming agents in acoustical plaster; how their 
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performance or deterioration relates to updates and improvements to acoustical products; precisely 
how acoustical materials age or deteriorate over time; and the connection between manufacturers of 
insulation materials, the mining industry, and the acoustics industry. Additionally, other areas that 
could be explored are: a more precise history and manufacture of each type of acoustical material; 
the types of paint used for decoration of acoustical materials; the usage of acoustical materials in 
residential spaces; and the locations of extant historic acoustical materials since these are topics that 
have not been covered in depth in any one book or source.  
The development and technology of these early twentieth century materials can be further 
examined by looking into more archives. For instance, visits should be made to archives at other 
architecture schools or at physics and acoustic laboratories.241 In addition, contacting major acoustics 
corporations, like Celotex, Johns-Manville, National Gypsum, and United States Gypsum, may yield 
results. Perhaps local libraries of where acoustical materials manufacturers were/are based have 
resources available as well. The aforementioned sources may also provide samples of historic 
acoustical materials that can be tested and reverse engineered to figure out their composition. This 
would give a better understanding of what goes into the manufacturing of the material and how 
exactly their acoustic properties are produced. 
 The story of early twentieth century acoustical materials does not end here. With further 
research and access to more resources, this story can continue. Hopefully, knowledge of these 
materials will spread and posterity will remember and recognize their importance in history. 
  
                                                 





“Acoustics: A New Study For The Decorator.” The Wall - Paper News and Interior Decorator (1909-




Acoustical Materials Association. “Sound Absorption Coefficients of Architectural Acoustical 
Materials.” A. I. A. Bulletin XVII, no. 39-b. Columbia University in the City of New York 
Avery Architectural and Fine Arts Library.  New York: Acoustical Materials Association, 
1956. 
 
Acoustical Materials Association. The Use of Architectural Acoustical Materials: Theory and Practice. A. I. A. 
No. 39-A. New York Public Library. New York: Acoustical Materials Association, 1965. 
 
American Architect. New York: Architectural Building Press, Inc., 1909-1921. 
 
American Architect and Building News. Boston: James R. Osgood & Co., 1876-1908. 
 
Architects’ and Builders’ Magazine. New York: William T. Comstock, 1899-1911. 
 
Bock, Gordon. “Eel Grass.” Insulation for Old Houses. Old-House Journal. January/February 1992. 
 
Buchner, Laura. “Restoration of Akoustolith Tile at St. John the Divine, New York City.” APT 
Bulletin 41, no. 2/3 (2010): 27-34. 
 
Cabot, Samuel. “Cabot’s Sheathing Quilt.” The American Architect and Building News (1876-1908) 42,  
 no. 936 (1893): 2. 
 
Cahn, Julius. Official Theatrical Guide Vol. 2. New York: Empire Theatre Building, 1897. 
 
Celotex Company. “Acousti-Celotex: Used in All Buildings of All Types for Acoustical and Sound 
Quieting Purposes.” Trade brochure. Columbia University in the City of New York Avery 
Architectural and Fine Arts Library.  Chicago: Celotex Company, 1925. 
 
———. “Sound Conditioning: Quiet Comfort for School and College.” Trade brochure. Columbia 
University in the City of New York Avery Architectural and Fine Arts Library. Chicago: 
Celotex Corp., 1940. 
 
———. “Specifications and Details for the Application and Decoration of Acousti-Celotex for  
Acoustical Treatment.” Trade brochure. Columbia University in the City of New York 
Avery Architectural and Fine Arts Library. Chicago: Celotex Company, 1926. 
 
Close, Paul Dunham. Sound Control and Thermal Insulation of Buildings. New York: Reinhold Publishing  




Cornelison, R. W. The Acoustics Properties of Rooms: Particularly as Affected by Wall Coverings. Bloomfield, 
NJ: H. B. Wiggin’s Sons Company, 1905. 
http://hdl.handle.net/2027/mdp.39015027884900. 
 
The Decorators Supply Co. Exterior and Interior Ornamentation in Plaster, Composition and Cement for the 
Motion Picture Theatre, Catalog 102. Trade brochure. Chicago: The Decorators Supply Co., 
1914. 
 
Delaney, John Henry. “Acoustic Finish for Interiors of Buildings and Methods of Making the  
Same.” In Google Patents. United States Patent 1,581,795. Filed Dec. 24, 1925, and issued Apr. 
20, 1926. 
 
Eaton, Leslie B. “Acoustic Plaster.” In Google Patents. United States Patent 1,906,123. Filed Feb. 20, 
1931, and issued Apr. 25, 1933. 
. 
Eckhardt, E. A. “The Acoustics of Rooms: Reverberation,” Journal of the Franklin Institute 195 (Jun. 
1923): 799-814. 
 
Faxon, John Lyman. “Acoustics.” The American Architect and Building News (1876-1908) 43, no. 949. 
ProQuest American Periodicals. 
 
———. “The Greek Theatres and Their Lessons in Acoustics.” Architects’ and Builders’ Magazine 2, 
no. 1 (October 1900): 1-4. 
 
Finefrock, Thomas P.; O’Neil, William F. “Acoustical or Insulating Plaster.” In Google Patents, United  
 States Patent Office. United States: American Gypsum Co., 1936. 
 
Fitch, James Marston with William Bobenhausen. American Building: The Environmental Forces That 
Shape It. New York: Oxford University Press, Inc., 1999. 
 
Foley, Arthur L. “A Sound Absorbing Plaster.” The American Architect and the Architectural Review 
(1921-1924) 123 (1923): 336-38. Avery Index to Architectural Periodicals (546560). 
 
George P. Little Company, Inc. “Quiet, Please!: Sound Conditioning with Acousti-Celotex.” Trade 
brochure. Columbia University in the City of New York Avery Architectural and Fine Arts 
Library. Chicago: George P. Little Co., 1950. 
 
Gould, Carol. “Masonite: Versatile Modern Material for Baths, Basements, Bus Stations, and 
beyond.” APT Bulletin 28, no. 2/3 (1997): 64-70. 
 
Henry, Joseph. “Acoustics Applied to Public Buildings.” Smithsonian Reports. 1854 and 1856. 
Hodgson, F. T. Mortars, plasters, stuccos, artificial marbles, concretes, portland cements and compositions: being a 
thorough and practical treatise on the latest and most improved methods of preparing and using limes, 
mortars, cements, mastics and compositions in constructive and decorative work, including a practical treatise 
on reinforced concretes. Chicago: F. J. Drake & Co., 1914. 
 
H.W. Johns-Manville Company. “Johns-Manville Keystone Hair Insulator: An Investment in Health, 
75 
 
Comfort and Economy.” Trade brochure. Columbia University in the City of New York 
Avery Architectural and Fine Arts Library. New York: H.W. Johns-Manville Co., 1920. 
 
International Correspondence Schools. Building stone, lathing, plastering, and tiling, common brickwork, 
ornamental brickwork and terra cotta: lighting fixtures, use and design of lighting fixtures, architectural 
design. Vol. 159. Scranton: International Textbook Co., 1909. 
 
Jenkins, Seymour M. “Acoustical Plaster.” In Google Patents. United States Patent 1,968,489. Filed 
Jan. 3, 1931, and issued July 31, 1934. 
 
Johns-Manville Service. Business Noise: Its Cost and Prevention. Columbia University in the City of New 
York Avery Architectural and Fine Arts Library. New York: H. W. Johns-Manville Co., 
1920. 
 
Knudsen, Vern O. Architectural Acoustics. New York: John Wiley & Sons, Inc., 1932. 
Knudsen, Vern O. and Cyril M. Harris. Acoustical Designing in Architecture. New York: American  
 Institute of Physics for the Acoustical Society of America, 1978. 
 
Kreuger, H. “Research into Acoustical Problems in Buildings.” Ingeniors Vetenskaps Akademien. 
 Stockholm. 1924.  
 
Macoustic Engineering Company. Acoustics in Building Design. Columbia University in the City of New 
York Avery Architectural and Fine Arts Library. Cleveland, Ohio, 19--. 
 
Mason, William H. “Acoustical Board.” United States Patent 1,875,074. Filed August 5, 1927, and  
 issued August 30, 1932. 
 
Mazer, Jacob. “Sound-Absorbing Method and Material.” United States Patent 1,483,365. Filed June  
 17, 1918, and issued February 12, 1924. 
 
Miller, Donald. City of the Century: The Epic of Chicago and the Making of America. New York: Simon & 
Schuster, 1997. 
 
New, Gustave A. “Acoustical Plaster Composition.” United States Patent 2,037,995, filed April 22, 
1933, and issued April 21, 1936. 
 
Offutt, James S. “Acoustical Plaster for High Humidity Conditions.” In Google Patents. United States 
Patent 1,961,525. Filed Sept. 19, 1930, and issued June 5, 1934. 
 
Olson, James S. Encyclopedia of the Industrial Revolution in America. Westport, CT: Greenwood Press, 
2001. 
 
Pepi, Raymond, Claudia Kavenaugh, Dorothy Krotzer, Laura Buchner, Marlene Goeke, and Lauren 
Drapala. Washington National Cathedral: Akoustolith Assessment and Treatment Evaluation – Interim 
Report. Philadelphia, PA: Building Conservation Associates, Inc., 2013. 
 
Pounds, Richard. “Guastavino Acoustical Tile & Plaster: A History of Development and Current  
76 
 
 Conservation Issues.” Master’s thesis, Columbia University, 1995. 
 
Pounds, Richard, Daniel Raichel, and Martin Weaver. “The Unseen World of Guastavino Acoustical  
Tile Construction: History, Development, Production.” APT Bulletin 30, no. 4 (1999): 33-39. 
Accessed October 15, 2014, http://www.jstor.org/stable/1504707. 
 
R. Guastavino Company. “Timbrel Vault Construction.” Columbia University in the City of New 
York Avery Architectural and Fine Arts Library. New York: R. Guastavino Co., 1914. 
 
Roth, Leland. American Architecture: A History. Boulder, CO: Westview Press, 2001. 
 
———. Understanding Architecture: Its Elements, History, and Meaning 2nd Ed. Boulder, CO: Westview  
 Press, 2007. 
 
Ruckmick, Christian A. “Recent Acoustical Research.” The Psychological Bulletin 21, no. 11 (Nov. 
1924): 605-633. http://dx.doi.org/10.1037/h0067738. 
 
Sabine, Hale J. Less Noise…Better Hearing: An Outline of the Essentials of Architectural Acoustics for the 
Practicing Architect and Engineer 5th Ed. Columbia University in the City of New York Avery 
Architectural and Fine Arts Library. Chicago: Celotex Corp., 1941. 
 
Sabine, Paul E. Acoustics and Architecture. New York: McGraw-Hill Book Company, Inc., 1932. 
 
———. “Recent Developments in Architectural Acoustics.” Journal of the Franklin Institute 217, no. 4 
(April 1934): 443-458. 
 
———. “Sound Absorbing Plaster.” United States Patent 1,458,631. Filed April 29, 1921, and 
issued June 12, 1923. 
 
———. Theory and Use of Acoustical Materials. Chicago: Acoustical Materials Association, 1947. 
 
Sabine, Wallace C. “ARCHITECTURAL ACOUSTICS.1--I.” The American Architect and Building 




———. “ARCHITECTURAL ACOUSTICS.1--II.” The American Architect and Building News (1876-




———. “ARCHITECTURAL ACOUSTICS.1--III.” The American Architect and Building News (1876-




———. “ARCHITECTURAL ACOUSTICS.1--IV.” The American Architect and Building News (1876-






———. “ARCHITECTURAL ACOUSTICS.1--V.” The American Architect and Building News (1876-




———. “ARCHITECTURAL ACOUSTICS.1--VI.” The American Architect and Building News (1876-




———. “ARCHITECTURAL ACOUSTICS.1--VII.” The American Architect and Building News (1876-




———. “Architectural Acoustics.” Proceedings of the American Academy of Arts and Sciences 42, no. 2 
(Jun. 1906): 51-84. http://www.jstor.org/stable/20022177. 
 
———. “Architectural Acoustics.” Journal of the Franklin Institute 179, no. 1 (Jan. 1915): 1-20. 
 
———. “Collected Papers on Acoustics.” Cambridge, MA: Harvard University Press,  
 1922. 
 
Sabine, W. C. and R. Guastavino. “Sound Absorbing Materials for Walls and Ceilings.” United  
 States Patent 1,197,956. Filed November 8, 1915, and issued September 12, 1916. 
 
———. “Wall and Ceiling of Auditoriums and the Like.” United States Patent 1,119,543. Filed  
 February 17, 1913, and issued December 1, 1914. 
 
Samuel Cabot, Inc. Cabot’s Insulating Quilt. Trade brochure. Boston: Samuel Cabot, Inc., 1925. 
 
Seifert, Frank A. Plastic Relief Ornaments. Columbia University in the City of New York Avery 
Architectural and Fine Arts Library. St. Louis, MO: Frank A. Seifert Plastic Relief Co., 1910. 
 
Society for Science & the Public. “Sound Absorbent Plaster Invented.” The Science News-Letter 8, no. 
249 (Jan. 16, 1926): 4-5. http://www.jstor.org/stable/3901769. Reprinted in Journal of the 
Franklin Institute 201, no. 2 (February 1926): 267-268. doi: 10.1016/S0016-0032(26)90843-0. 
 
“Sound-Absorbing Pla[s]ter.” The National Builder (1896-1924) 65, no. 10 (Oct. 1, 1922): 32. 
ProQuest American Periodicals (863255269). 
Steward, A. Kathleen. “A Study of the Acoustic Properties of Various Materials.” Master’s thesis, 
University of Southern California, 1928. 
 
Swan, Clifford M. Architectural Acoustics. New York: Johns-Manville, Inc., 1921. Reprinted from the  
78 
 
 Journal of the American Institute of Architects, December 1919. 
 
Sweet’s Catalog Service. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1906. 
 
———. Sweet’s Indexed Catalogue of Building Construction. Vol. 1. New York: Architectural  
 Record Co., 1907. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1911-1912. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1914. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1918. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1920-1926. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1929. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1931-1935. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1933-1935. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1937. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1939. 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1941. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1943. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1946. 
 
———. Sweet’s Indexed Catalogue of Building Construction. New York: Architectural  
 Record Co., 1959. 
 
Thompson, Emily. “‘Mysteries of the Acoustic’: Architectural Acoustics in America, 1800-1933.”  




———. The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening in  
 America, 1900-1933. Cambridge, MA: The MIT Press, 2004. 
 
United States Gypsum Company. A Catalog of Building Materials Manufactured and Sold by United States  
Gypsum Company. Trade brochure. Columbia University in the City of New York Avery 
Architectural and Fine Arts Library. Chicago: United States Gypsum Co., 1936. 
 
———. “Catalog of Building Materials.” Columbia University in the City of New York Avery 
Architectural and Fine Arts Library. Chicago: United States Gypsum Co., 1942. 
 
Upham, J. B. “A Consideration of Some of the Phenomena and Laws of Sound, and Their  
Application in the Construction of Buildings Designed Especially for Musical Effects.” 
American Journal of Science and Art 65 and 66 (1853): 215-26, 348-63 and 21-33.  
 
Vanderwalker, F. N. Drake’s Cyclopedia of Painting and Decorating, Methods, Tools, Materials for Home and 
the Workshop. Finishing walls, floors, furniture, automobiles, boats, houses, etc. Data for arts and crafts 
workers. Chicago: F. J. Drake & Co., 1945. 
 
United States Department of the Interior/National Park Service. Historic Structure Report: Death Valley 
Scotty Historic District, Main House and Annex. Washington: Government Printing Office, Sept. 
1991. 
 
Watson, Floyd R. “Absorption of Sound by Materials: A Method of Measurement, with Results for  
Some Materials.” University of Illinois Engineering of Experiment Station Bulletin 172 (1927). 
Accessed January 7, 2015, http://hdl.handle.net/2142/4415. 
 
———. Acoustics of Buildings. 2nd Ed. New York: John Wiley & Sons, Inc., 1930. 
 
Weber, Anne E. “Acoustical Materials.” In Twentieth-Century Building Materials, edited by Thomas C.   
 Jester. New York: McGraw-Hill, 1995. 
 
Wermiel, Sara. The Fireproof Building: Technology and Public Safety in the Nineteenth-Century American City 
(Studies in Industry and Society). Baltimore, MD: The Johns Hopkins University Press, 2000. 
 
Whiffen, Marcus and Frederick Koeper. American Architecture 1687-1976. Cambridge, MA: The MIT 
Press, 1981.  
 




Appendix A: Additional Images 
 
Images Referenced in Chapter 2 
Referenced in Chapter 2, footnote #65 – Advertisement on Johns-Manville Sound Control 
(Image courtesy of Columbia University in the City of New York Avery Architectural and Fine Arts Library)  
 
Referenced in footnote #68 from Figure 1 | Present-day image of United States Court of Appeals, 
Denver, Colorado 






Referenced in footnote #74 from Figure 3 | Present-day image of Harvard Club, Boston, 
Massachusetts 







Extra Images for Visual Reference 
Images are all courtesy of Columbia University in the City of New York Avery Architectural and 
Fine Arts Library, unless otherwise noted  
 
Acoustical felt (usually hidden behind membrane) 
(Images courtesy of Johns-Manville Co.) 
 
 
Present-day examples of acoustical felt:  
(Images courtesy of Sandow Interior Design) 





Acoustical fiber tiles and boards 
(Images courtesy of Celotex Co.) 
 
 







Present-day examples:  















Acoustical masonry tiles 






(Image courtesy of Michael Freeman) 
 
Acoustical plaster 








Present-day examples:  
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United States Gypsum Company 
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